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CHAPTER 1: INTRODUCTION 
With the advent of the Montreal Protocol (United Nations Environmental Programme, 
1987), the refrigeration industry has been searching for and developing environmentally 
safe refrigerants known as alternative or non-CFC refrigerants. The industry has been 
largely successful in completing this task, but in addition to being "environmentally 
friendly", the non-CFC refrigerant systems should meet or exceed the system efficiency of 
the CFC systems. If this efficiency is not met, the new systems will contribute more 
towards global warming, which is also a major concern of the refrigeration industry. 
Many alternative refrigerants have been considered, and in addition, various refrigerant 
blends are being researched. 
Refrigerating and air-conditioning industries are now developing HFC refrigerants (and 
blends of HFC refrigerants) to replace the CFC and HCFC refrigerants in all existing 
systems as well as for use in newly built systems. These systems include all current and 
future automotive air-conditioners, household refrigerators, household air-conditioners, and 
industrial (large scale) refrigeration systems. 
Thermodynamic analysis of vapor compression refrigeration systems has always been 
conducted by using the pure refrigerant properties. However, since all refrigeration 
systems require a lubricant to lubricate the compressor, the properties of the 
refrigerant/lubricant mixture must be considered. 
The refrigerant and lubricant in the refrigeration system form a mixture that under 
ideal conditions will form a homogeneous liquid phase. If the mixture remains a 
homogeneous mixture over all refrigerant concentrations and temperatures, the refrigerant 
2 
and lubricant are said to be completely miscible. A common example of a mixture that is 
not miscible (immiscible) is an oil and water mixture. In this case, two liquid phases are 
present, one phase is mostly oil and the other is mostly water. 
In the compressor, lubricant concentrations are high (mostly lubricant) so that the 
internal components are properly lubricated. Since the viscosity of the refrigerant is low 
when compared to the lubricant, the refrigerant/lubricant mixture has a lower viscosity 
than the pure lubricant (Zoz, 1991). This reduction in viscosity must be considered when 
designing compressors. In addition, when a system is not operating, additional refrigerant 
will dissolve into the lubricant, resulting in a higher refrigerant concentration and a lower 
mixture viscosity. Upon start-up of the compressor, lubrication will be a minimum as a 
result of the presence of the refrigerant, and the possibility of compressor failure is 
increased. A solution to this problem is to install a heater in the compressor sump to 
increase the temperature of the liquid mixture and drive off some of the refrigerant. 
Most compressors incorporate a method for supplying the lubricating fluid to the 
moving parts (bearings, piston surfaces, shaft seals). Generally, a pump is used for this 
purpose. The pump, which is located internal to the compressor, takes fluid from the 
compressor sump and supplies the fluid to the moving parts. 
It is impossible to keep the lubricant confined to the compressor because some 
lubricant is constantly carried out of the compressor by the circulating refrigerant. 
Therefore, a small amount of lubricant is carried to the condenser, expansion valve, and 
evaporator. The circulating refrigerant/lubricant mixture is refrigerant-rich (i.e., low 
concentration of lubricant). 
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Oftentimes, lubricant separators are installed, at the compressor outlet to collect the 
lubricant and return it to the compressor sump. This process decreases, but does not 
eliminate, the circulation of the lubricant throughout the rest of the system. Specifically, 
there is still a small amount of lubricant in the circulating fluid. 
When the refrigerant/lubricant mixture is not miscible (immiscible), it forms two liquid 
phases. One phase is refrigerant-rich, and the other phase is lubricant-rich. Since the 
pure refrigerant liquid density is greater than the pure lubricant density, the refrigerant-rich 
phase will be present in the lower portions of the compressor sump where the lubricant 
pump inlet is located. Therefore, the low-viscosity, refrigerant-rich phase will be supplied 
to the moving parts of the compressor which will ultimately cause compressor failure. 
When the refrigerant/lubricant mixture in the evaporator is immiscible, the lubricant-
rich phase, being more viscous, will be dravm along the tube surface by the refrigerant-
rich phase and by the refrigerant vapor. The presence of this mixture along the walls of 
the tube forms an insulating layer, thus decreasing the heat transfer rate from the tube 
wall. In addition, the lubricant in this layer may tend to collect in parts of the system 
where the refrigerant vapor velocity is relatively low. Thus, the lubricant may not return 
to the compressor where it is needed for lubrication purposes. 
To summarize, it is desirable to have a refrigerant/lubricant mixture which is miscible 
throughout the operating temperatures of the system so that the compressor will be 
properly lubricated, the heat transfer performance of the evaporator will be maximized, 
and the circulating lubricant will be returned to the compressor. 
For the above reasons, the development of alternative refrigerants and blends 
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necessarily requires the development of miscible lubricants. Therefore, to help realize the 
goals of the industry, miscibility data for a wide variety of refrigerant/lubricant mixtures 
were taken in this study. 
It should be noted that not all researchers are convinced that a refrigeration system 
requires a miscible refrigerant/lubricant combination in order to operate properly. In an 
operating system, the mixture is in a non-equilibrium state, and the effect of an immiscible 
refrigerant/lubricant mixture during this non-equilibrium process is not known. 
Nonetheless, it is common practice to simply design the system to operate away from 
immiscible regions. 
Miscibility Data 
In theory, regions of miscibility and immiscibility for a refrigerant/lubricant mixture 
can be found if the excess Gibbs energy for the mixture is known as a function of 
temperature and composition. Experimental solubility data ( pressure-temperature-
composition) are usually required to obtain the excess Gibbs energy equation. This topic 
will be discussed more in Chapter 2. Since the excess Gibbs energy is not known and 
solubility data have not been obtained for the refrigerants and lubricants in this study, 
direct experimental evaluation of the miscibility characteristics was performed in this 
study. 
To obtain miscibility data experimentally, one must visually observe and record the 
physical conditions of a refrigerant/lubricant mixture at a specific temperature, The 
procedure is repeated for a large range of temperatures and refrigerant concentrations. 
Visual inspection of the mixture allows for determination of whether the mixture is 
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miscible or immiscible. 
During miscibility tests, the mixture is observed for signs of cloudiness, floe or 
precipitate formation, or the formation of a second liquid phase, any of which would be an 
indication of an immiscible mixture. If the mixture is miscible, a homogeneous 
transparent liquid solution should be observed. Obviously, any test facility designed to 
obtain miscibility data requires an opportunity to visually inspect the refrigerant/lubricant 
mixture. 
Existing Data 
Existing miscibility data for alternative refrigerant/lubricant pairs are limited. Even 
data for the older CFC refrigerants are limited because the method of obtaining miscibility 
data used in the past involves charging high pressure refrigerant into glass tubes, which is 
somewhat dangerous and inconvenient. This method will be described in detail later in 
this chapter. 
Miscibility data that are available in the open literature are limited to either one or two 
refrigerants, to only a few lubricants, or to high refrigerant concentrations. A summary of 
the data currently available follows. 
Most miscibility data available today are for either CFC refrigerants or for HCFC 
refrigerants. Both of these types of refrigerants are being phased out due to their chlorine 
content. Miscibility data for HCFC-22, hereafter designated as R-22, and several 
lubricants currently used in R-22 systems have been obtained by Spauschus (1964) and 
Sanvordenker (1968). The ASHRAE Refrigeration Handbook (1990) contains miscibility 
data for R-13, R-13B1, R-22, R-502, and an R-22/R-12 blend with an ISO 32 naphthenic 
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mineral oil. The ASHRAE Refrigeration Handbook (1990) also contains miscibility data 
for R-13, R-22, R-502, and R-503 with an ISO 32 alkylbenzene lubricant. 
Some recent miscibility testing has focused on environmentally safer HCFC and HFC 
refrigerants. In researching HCFC-124, hereafter designated as R-124, as a replacement 
refrigerant for R-114, Reed and Spauschus (1991) obtained miscibility data for R-124 and 
five lubricants. The tests were limited to high refrigerant concentrations, and testing was 
conducted over the temperature range -60°C to 65°C (-76°F to 149°F), 
Since HFC-134a, hereafter designated as R-134a, has been considered as the leading 
candidate refrigerant to replace CFC-12, several researchers have obtained miscibility data 
for R-134a and a variety of lubricants. Thomas and Pham (1992) obtained miscibility 
data for R-134a with five lubricants (two polyalkylene glycols and three modified 
polyalkylene glycols). The tests were completed over a wide range of temperatures and 
concentrations. Short and Cavestri (1992) obtained miscibility data for R-134a and some 
polyolester and modified polyol ester lubricants. The tests were completed over a wide 
range of temperatures, but only for high refrigerant concentrations. A larger study of the 
miscibility characteristics of R-134a was completed by Sundaresan and Finkenstadt 
(1992). They tested R-134a with 17 polyalkylene glycols and 22 ester lubricants over a 
wide range of temperatures and the full range of concentrations (0 to 100% refrigerant). 
Previous miscibility data have been obtained for only a limited number of HFC 
refrigerants ( R-134a is the only HFC refrigerant mentioned above). For this reason, a 
broad study of the miscibility characteristics of many HFC and HCFC refrigerants and 
lubricants was performed as reported herein. This broad experimental study provides a 
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miscibility database for use by designers of refrigeration systems and compressors. This 
study was conducted using a new method of obtaining miscibility data which eliminates 
some of the problems associated with the current method. The current method is 
discussed in the next section. 
Existing Method 
The most common procedure for obtaining miscibility data is based on an approach 
described by ANSI/ASHRAE Standard 97-1989 (ASHRAE 1989). The standard is 
intended to be used to determine the chemical stability of materials that are used in 
refrigeration systems rather than as a standard for miscibility measurement. These tests 
are conducted by inserting a metal, polymer, motor material, or resin into a refrigerant/ 
lubricant mixture and observing the changes in the material or the refrigerant/lubricant 
mixture that may occur with time and temperature. Miscibility data are obtained by 
eliminating the addition of the solid material and just observing the refrigerant/lubricant 
mixture. 
The test cell used in this method is a glass tube. The tube has a 9mm (0.35 in.) 
outside diameter, a 7mm (0.28 in.) inside diameter, and is approximately 180mm (7.1 in.) 
long. It is rounded on one end and initially open at the other end. The cell is charged 
with the desired amount of lubricant and then connected to a refrigerant charging station, 
which is described in the standard. The cell is then filled with refrigerant by cooling the 
cell to condense the predetermined amount of refrigerant into the glass tube, The tube is 
then heated and twisted to seal the top of the tube. The test cell is then tested as desired 
by the researcher. 
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Special precautions must be taken when handling and testing the glass tubes since 
internal pressures due to the refrigerant vapor pressure can be very high, depending on the 
refrigerant used and the temperature of the cell. Injuries could occur if the tube breaks, 
and therefore, protective clothing and shields must be used during handling and testing. 
A disadvantage of this method is that one must become an expert at sealing the tubes. 
If a leak or breakage occurs, the test must be redone. Also, to seal the glass tubes, the 
tube is heated up, melted, and twisted. If the heat is supplied by a torch, one must be 
especially careful that no refrigerant is exposed to the flame, since the refrigerant could 
break down or combust. Several of the new HFC refrigerants are flammable. 
Another disadvantage of this method is that a large volume of vapor is present. Large 
vapor volumes introduce errors in the refrigerant concentration of the liquid in the test 
cell. This is not as important when conducting stability tests, but it is very important 
when obtaining miscibility or solubility data. The effect of the vapor volume on the 
refrigerant concentration will be discussed further in Chapter 4. The next section 
describes a method of obtaining miscibility data that provides an alternative to the sealed 
glass tube method, while eliminating many of the problems of the sealed glass tube 
method. 
New Method 
This report discusses a new method for determining the miscibility characteristics of 
refrigerant/lubricant mixtures that eliminates the problems associated with the current 
method of obtaining miscibility data. The current method, described in the previous 
section, requires special safety precautions as well as a large cell vapor volume. The new 
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method eliminates the safety considerations needed when dealing with glass tubes under 
high pressure. Also, as mentioned above, the current method requires large vapor volumes 
in the test cells. The new method allows for the charging of the test cells to any desired 
vapor volume. 
In addition, improvements include the use of reusable test cells. The tubes used in the 
sealed glass tube method must be disposed of after each test. Also, valves are used on the 
new method to facilitate the addition and removal of the various test refrigerants and 
lubricants, as well as the cleaning of the cells between tests. 
The reusable test cells used in the new method are essentially small pressure vessels 
designed to safely withstand pressures up to 3.5 MPa (500 psia), and to allow for visual 
inspection of the refrigerant/lubricant mixture, The complete test facility will be described 
in the following chapters. 
Objective and Scope 
The objective of this research was to develop a method to rapidly obtain a large 
amount of miscibility data which will be useful for the design of refrigeration systems. 
Specifically, miscibility tests were to be performed on refrigerant/lubricant mixtures for 
refrigerant concentrations of 10, 20, 35, 50, 65, 80, 90, and 95% by weight. These tests 
were to be performed by keeping the refrigerant/lubricant mixture visible at all times, by 
controlling temperatures to ±1°C (±I .8°F), and by providing agitation of the test cells. 
The following refrigerants were tested for miscibility in 10°C (18°F) increments over 
the temperature ranges indicated below: 
• R-22: -50 to +60°C (-58 to +140°F) 
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R-32. -50 to +60°C (-58 to +I40°F) 
R-123: -50 to o
 O o
 
(-58 to +I40°F) 
R-124: -50 to o
 
o n
 (-58 to +194°F) 
R-125: -50 to +60°C (-58 to +I40°F) 
R-134: -50 to +60°C (-58 to +140°F) 
R-134a: -50 to +90°C (-58 to +194°F) 
R-142b: -50 to +90°C (-58 to +I94°F) 
R-I43a: -50 to +60°C (-58 to +I40°F) 
R-152a. -50 to +90°C (-58 to +I94°F) 
Each of the above refrigerants was tested for miscibility with the lubricants listed 
below. The nominal viscosity of each lubricant is also given as designated by ASTM 
Standard D-2422 (ASTM 1988). 
• mineral oils 
naphthenic mineral oil, ISO 32 and 68 
• alkylbenzenes 
alkylbenzene, ISO 32 and 68 
• polyglycols 
polypropylene glycol butyl monoether, ISO 32 and 68 
polypropylene glycol diol, ISO 32 and 100 
modified polyglycol, ISO 32 
• polyolesters 
pentaerythritol ester mixed-acid, ISO 22, 32, and 100 
pentaerythritol ester branched-acid, ISO 32 and 100 
During the above miscibility tests, the contents of each test cell were observed for 
signs of cloudiness, floe or precipitate formation, and liquid layer formation. These 
observations were made at each temperature after equilibrium (i.e., steady state) conditions 
had been reached. Applicable miscibility data consists of the refrigerant/lubricant 
concentration, the temperature at equilibrium, and the observations of the test cell contents 
for evidence of immiscibility. 
The following chapters discuss the test facility and the methodology which has been 
developed to obtain the required data. The observations of each refrigerant/lubricant 
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mixture are tabulated, and the measurement uncertainty is documented. Additionally, 
results for each refrigerant/lubricant pair are presented graphically. 
12 
CHAPTER 2: BACKGROUND AND THEORY 
As discussed in Chapter 1, the working fluid circulating through a refrigeration system 
is actually a refrigerant and lubricant mixture. In the compressor, there is a lubricant-rich 
mixture, while in the rest of the system there is a refrigerant-rich mixture. In the past, 
thermodynamic analysis of refrigeration cycles always neglected this fact, and system 
analyses have been based on pure refrigerant properties and assumptions. 
The study of the miscibility characteristics of a refrigerant/lubricant mixture is a multi-
component (i.e., two components) fluid-phase equilibrium problem. The thermodynamics 
of multi-component fluid-phase equilibrium has been studied in the past (King, 1969) 
(Van Ness and Abbott, 1982) (Reid et al, 1987) and will be discussed herein. It will be 
shown that if the excess Gibbs function, g^, for a mixture can be found, then regions of 
miscibility and immiscibility can be identified. 
Conditions for Thermodynamic Equilibrium 
Thermodynamic equilibrium of a binary system existing as a two phase (liquid and 
vapor) mixture is considered in this section. After discussing some additional definitions, 
the condition for equilibrium will be presented in a more useful form. 
For a liquid mixture in equilibrium with a vapor mixture at the same temperature and 
pressure, the quantities of interest are the temperature (T), the pressure (P), and the 
compositions of each phase. For every component i of the mixture, the condition for 
thermodynamic equilibrium is given by 
(2.1) 
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where V stands for vapor, L stands for liquid, and fi is the chemical potential. Thus, the 
equivalence of the chemical potential of each component in the liquid phase and in the 
vapor phase is the condition for equilibrium, and for a binary mixture there are two 
equations of this type. 
Instead of using the chemical potential, it is convenient to use the closely related 
quantity known as the fugacity. The fugacity for a component i of a mixture is related to 
the chemical potential by the relation 
= RT Infj + cons tan t (2.2) 
where f, is the fugacity of component i. The fugacity of component i is directly related to 
the chemical potential, and therefore, the condition for equilibrium can be specified by the 
equivalence of fugacities of the liquid and vapor phases of i as follows 
f,'' = f," (2.3) 
This is the fundamental relation for vapor-liquid equilibrium, for either a pure 
substance or a mixture. The problem then is to relate the fugacities of component i to the 
mixture temperature, pressure, and composition, 
Fugacities can be found for pure substances in both the liquid and the vapor state, but 
as soon as the substances are part of a mixture, some experimental data are needed as will 
be shown below. 
Fugacity and Activity Coefficients 
To simplify calculations, engineers often use fugacity and activity coefficients when 
describing multi-component mixtures. Definitions of these terms will be discussed in the 
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following paragraphs. 
For the vapor phase, the fugacity coefficient, {})„ is defined as 
^,-lL (2.4) 
' YiP 
where the y, is the mole fraction of component i in the vapor phase and P is the mixture 
pressure. The fugacity coefficient, (j)„ can be calculated from the equation of state of the 
vapor mixture. 
For the liquid phase, the activity coefficient, y,, can be defined in terms of fugacity as 
where x, is the mole fraction of component i in the liquid phase and is the standard 
state fugacity (usually it is the fugacity at the mixture temperature and some arbitrarily 
chosen pressure and composition). 
The fugacity of a pure liquid is given by 
, ( T, P. =1 ) ( D <|)g ( T) exp f dP (2-6) 
^vpi ^ •' 
where P„p, is the saturated vapor pressure of component i, (j),' is the saturated fugacity 
coefficient, and V,'" is the molar liquid volume. The exponential term in Equation 2.6 is 
called the Poynting factor. 
The standard state fugacity, f,", can be found from Equation 2.6 if the standard state is 
chosen as the temperature equal to the mixture temperature, the pressure equal to the 
mixture pressure, and the composition of x, = 1 (pure component i). The above relations 
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will be applied to refrigerant/lubricant mixtures in the following section. 
Condition for Thermodynamic Equilibrium for Refrigerant/Lubricant Mixtures 
By combining the above relations, the condition for thermodynamic equilibrium can be 
expressed in a more useful form. The condition for thermodynamic equilibrium can then 
be applied to refrigerant/lubricant mixtures. 




Defining F, as 
and rearranging Equation 2.7 yields 
The above relation provides two equations: one for the refrigerant and one for the 
lubricant. A simplification arises because of the difference in volatility of the refrigerant 
and lubricant. Since the lubricant vapor pressure is so low, the composition of the vapor 
phase will be pure refrigerant (y,= l, yo=0). The resulting useful equation is of the form 
where F, can be calculated solely from the properties of the refrigerant (and an appropriate 
equation of state for the refrigerant). Equation 2.10 represents the condition for 
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thermodynamic equilibrium for a refrigerant/lubricant mixture, and the activity coefficient 
for the refrigerant, y,, at a given temperature and refrigerant composition can be found by 
measuring the mixture pressure. For a refrigerant/lubricant mixture, the temperature, 
pressure, and composition can be measured using special test facilities, and the data are 
termed solubility data. 
Equation 2.10, combined with the Gibbs-Duhem equation and the concept of excess 
Gibbs energy, allows for the determination of regions of miscibility and immiscibility. 
These topics will be discussed in the following sections. 
The Gibbs-Duhem equation states that in a mixture the activity coefficients of the 
individual components are not independent of each other, but rather they are related by a 
differential equation. For a binary mixture, the Gibbs-Duhem equation is 
For practical work, engineers often use the concept of excess Gibbs energy (g^). 
The excess Gibbs energy is the difference between the actual Gibbs energy for a mixture 
and the Gibbs energy for an ideal mixture at the same temperature, pressure and 
composition. The excess Gibbs energy for a binary mixture is 
Gibbs-Duhem Equation and Excess Gibbs Energy 
(2.11) 
gr^ = i?T(XilnYi +X2lnY2) (2.12) 






These expressions can show how the activity coefficient and, thus, the mixture pressure, 
changes with refrigerant composition. The above relations allow for the interpolation and 
extrapolation of experimental mixture pressure data (solubility data) with respect to 
composition. To accomplish this, a mathematical expression for must be used in which 
the constants in the expression are found with activity coefficients derived from 
experimental solubility data (pressure-temperature-concentration). An example of one of 
the many proposed expressions for g"" is the Three-suffix Margules equation which is 
given as 
where A and B are functions of temperature. The only requirement of expressions for the 
excess Gibbs energy, g*", such as Equation 2.15 is that the expression must be consistent 
with the Gibbs-Duhem equation (Equation 2.11), and, therefore, many expressions are 
possible. 
A study was conducted by Gunduz (1992) for several refrigerant/lubricant mixtures in 
which experimental data were used to find the constants in various expressions for g^ in 
order to find which expression best modelled the mixture. The study was largely 
successful in that several of the g*" expressions provided good agreement between the 
Sr^=Xi^2[^ + ^(-^i-^2)] (2.15) 
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experimental and predicted values. 
In addition, Spauschus (1963) conducted a study of an R-12/minerai oil combination in 
a related manner. Spauschus discussed the above theory and calculated the activity 
coefficients for the individual components of the R-12/mineral oil mixture, but did not 
present an expression for the excess Gibbs energy. 
The above analysis allows for the determination of an expression for g'' from 
experimental solubility data, and although several researchers have applied these concepts 
to solubility data, no one has extended the concepts to refrigerant/lubricant miscibility 
characteristics, probably because of the relative ease with which miscibility data is 
obtained experimentally. Nevertheless, the concept of g^ can be further extended to 
miscibility, but first the concept of stability must be introduced. 
The thermodynamic criteria for phase splitting (another word for immiscibility) is well 
known for binary systems. Through stability analysis (Reid et al., 1987), phase splitting 
can be shown to occur when 
Therefore, if at a fixed temperature, an expression for g^ as a function of composition 
is known or found, then one can determine the compositions at which phase splitting 
(immiscibility) will occur. Further, if an expression for the excess Gibbs function (g^) for 




the temperatures and compositions in which phase splitting (immiscibility) will occur. 
Therefore, the only requirement for the theoretical determination of regions of 
immiscibility for a binary mixture is an accurate expression for the excess Gibbs energy 
for the mixture. 
As discussed above, regions of miscibility and immiscibility can be found for a binary 
mixture of refrigerant and lubricant if an accurate expression for g"" is known or found 
from solubility data (P-T-x). Assuming a form of the g^ expression, such as Equation 
2.15, introduces uncertainty in the evaluation of the miscibility characteristics since the 
assumed form may not represent the actual excess Gibbs energy for the mixture. Further, 
there is a loss of accuracy associated with the use of experimental solubility data, where 
uncertainties exist (especially at low temperatures and pressures where much of the 
immiscibility for refrigerant and lubricant mixtures occurs). For the above reasons, 
miscibility data are more conveniently and more accurately determined from actual 
observations of the mixture as was done in this study. 
From a purely theoretical viewpoint, there is one more relation that will enhance our 
understanding of phase equilibrium in mixtures as well as in pure substances. This 
relation is the Gibbs phase rule which is discussed in the followmg section. 
Gibbs Phase Rule 
The Gibbs phase rule represents the most fundamental relation for considering phase 
equilibrium. The phase rule simply compares the number of equations that describe the 
system in equilibrium to the number of unknown variables associated with the system, and 
therefore, the Gibbs phase rule provides the "big picture" for multi-component, multi-
20 
phase fluid equilibrium. Thus, before proceeding to experiment, one should consider what 
can be learned from the Gibbs phase rule. 
Gibbs phase rule states that for a mixture in equilibrium, 
F = 2 + N-7I (2.17) 
where N is the number of components, 7t is the number of phases present, and F is called 
the degrees of freedom of the system, and is just the difference between the number of 
independent intensive variables associated with the system and the number of independent 
equations which may be written relating the variables. F can also be thought of as the 
number of independent intensive properties needed to fix the intensive state of the system. 
Several views, discussions, or interpretations of the phase rule are possible, some will now 
be discussed further. 
First, we are considering a binary (N=2) mixture of refrigerant and lubricant. Further, 
when a mixture is miscible, two phases (%=2) are present (liquid and vapor). The result is 
F=2. Thus 2 independent intensive properties fix the state of the system. That is, if we 
know any two of pressure, temperature, or liquid mass fraction (or mole fraction), then the 
third intensive property is fixed (that is, the third intensive property is dependent upon the 
other two). Thus, solubility (P-T-x) data are obtained by fixing two of the intensive 
variables and measuring the other. 
If a refrigerant/lubricant mixture is immiscible, then the number of phases (k) is 3 (2 
liquid and 1 vapor phase), and F = 1 (N still equals 2). Therefore, specifying any one of 
temperature, pressure, mass fraction of liquid 1, or mass fraction of liquid 2 will fix the 
intensive state of the system. An interesting point to make is that temperature and 
pressure are not independent of (and thus dependent on) each other when three phases are 
present, much the same as for a pure component such as water existing as a two-phase 
liquid-vapor mixture. 
Another view of the phase rule considers the maximum number of phases that can be 
present in a system. By rearranging the phase rule as 
u  =  2 - F  +  N  ( 2 . 1 8 )  
and setting F equal to 0, the maximum number of phases that can exist at equilibrium is 
calculated. For a pure substance (N=l), the maximum number of phases that can coexist 
is three. The triple point of water is an example. 
For a binary mixture (N=2), the maximum number of phases that can coexist at 
equilibrium is four (this would be a quadruple point). Therefore, in theory, four phases 
could be observed during the testing conducted herein. However, it is highly unlikely that 
a quadruple point would be found, and no quadruple points were observed in this study. 
Theoretical Expectations 
Mixture theory and past experimental work (King, 1969) (Van Ness and Abbott, 1982) 
(Reid et al., 1987) suggests that miscibility plots for binary mixtures should look like 
Figures 2.1 and 2.2, and in some rare cases, like Figure 2.3. Figure 2.1 shows a curve 
which is concave downward, and the area below the curve contains temperatures and 
compositions (and thus pressures) which represent immiscible mixtures. The temperature 
above which all compositions are miscible (the peak temperature on the curve) is called 
the lower critical solution temperature. Figure 2.2 shows a curve which is concave 
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Figure 2.3 Mixture with both an upper and a lower critical solution temperature 
(closed curve) 
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represent immiscible mixtures. The temperature below which all compositions are 
miscible is called the upper critical solution temperature. Figure 2.3 shows a case in 
which the mixture combines the phenomena of Figures 2.1 and 2.2. This mixture has 
both an upper and a lower critical solution temperature. 
For the most part, Figures 2.1 and 2.2 represent the type of behavior that was seen in 
this study. An exception is the combination of Figures 2.1 and 2.2 in another manner as 
shown in Figure 2.4. This possibility was not mentioned by King (1969), Van Ness and 
Abbott (1982), or Reid et al. (1987), but as will be seen in later chapters, this phenomena 
often occurs for refrigerant/lubricant mixtures. 
In addition, the curves in Figure 2.4 could close as do the curves in Figure 2.3, 
yielding the most general miscibility plot for refrigerant/lubricant mixtures shown in 
Figure 2.5. This phenomenon is not mentioned by King (1969), Van Ness and Abbott 
(1982), or Reid et al. (1987), and was not observed in this study, but this possibility is 
easily imagined after considering the previous discussion. 
As was previously discussed and will be seen in the following chapters, none of the 
refrigerant/lubricant mixtures studied were observed to behave in the manner of Figures 
2.3 and 2.5. All of the immiscibility that occurred in this study occurred as shown in 
Figure 2.4. However the distance between the two curves varies considerably and, 
therefore, one could imagine a situation where they move completely off of the plot 
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The conditions for thermodynamic equilibrium have been discussed, and the concept 
of excess Gibbs energy for a mixture was introduced. The discussion in this chapter 
shows how the use of stability analysis allows for the theoretical determination of the 
miscibility characteristics of refrigerant/lubricant mixtures if an accurate expression for the 
excess Gibbs energy of the mixture is known as a function of temperature and 
composition. Further, the Gibbs phase rule was discussed and it provides some useful 
insights into multi-component, multi-phase equilibrium. 
Thus, regions of immiscibility for refrigerant/lubricant mixtures can, in theory, be 
determined if an appropriate expression for the excess Gibbs energy for the mixture is 
known. However, this expression is not known or easily found, and therefore, miscibility 
data are more conveniently obtained from direct experimental evaluation as was performed 
in this study. The direct experimental evaluation of miscibility characteristics is discussed 
in the following chapters. 
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CHAPTER 3: REFRIGERANT/LUBRICANT TEST FACILITY 
The equipment described in this chapter includes test cells capable of withstanding the 
high pressures and the extreme temperatures encountered in the study of 
refrigerant/lubricant mixtures. The facility is designed for the purpose of determining the 
miscibility characteristics of refrigerant/lubricant mixtures over the temperature range of 
-50°C to 90°C (-58°F to 194°F) and for pressures up to 3.5 MPa (500 psia). The test 
cells have glass viewports and are submerged in one of two constant temperature baths so 
that the miscibility characteristics of the mixture can be observed and recorded. 
Description of Refrigerant/Lubricant Test Facility 
Major components of the test facility include the test cells, the high temperature bath, 
the low temperature bath, and the instrumentation/data acquisition system. These 
components are described in the following sections. 
Test Cells 
The test cells are constructed to allow for complete visibility of the 
refrigerant/lubricant mixture at all test conditions. Each test cell consists of a double-port 
seal-cap type liquid indicator, which is essentially a 3.18 mm (1.25 inch) pipe cross with 
sight windows screwed into opposing ports. Figure 3.1 shows a photograph of a test cell. 
Valves for charging the refrigerant into the cell are screwed into the other two ports. 
The cells can be bought commercially and were designed by the manufacturer to be 
used as sight windows for ammonia refrigeration systems. The cells are rated for 
pressures up to 3.5 MPa (500 psia), therefore, for higher vapor pressure refrigerants, the 
maximum test temperature is limited to pressures less than 3.5 MPa (500 psia). The 
Figure 3.1 Photograph of a test cell 
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window seals on the cells, designed to be compatible with ammonia, are constructed out 
of Teflon. Teflon is compatible with most refrigerants. 
The overall volume of each test cell varies slightly; however, all were measured to 
have volumes around 65 ml (3.97 in^). The approximate volume of each cell must be 
known so that the cells can be charged with the appropriate refrigerant and lubricant 
masses to obtain the desired refrigerant concentration. During charging, each cell can be 
filled so that the vapor space above the liquid mixture is less than 15% of the total 
volume. It is important to maintain a small vapor space in each cell during testing so that 
the refrigerant concentration does not vary too much throughout the test temperature 
range. This topic will be discussed further in Chapter 4. 
Test Cell Holders 
A method for holding the cells horizontal is required to ensure the visibility of the 
contents of each cell during testing. Several holders were constructed out of Plexiglas for 
this purpose. Figure 3.2 shows a photograph of four test cells in a Plexiglas holder. Four 
charged cells can be placed in a holder, and three such holders can be placed in a constant 
temperature bath to permit the testing of 12 test cells at one time. The three holders are 
mounted on steel beams so that the test cells are suspended into the constant temperature 
baths. In addition, the beams are spring mounted so that the test cells, holders, beams, 
and, therefore, the refrigerant/lubricant mixture can be agitated, as is discussed in the next 
section. 
Photograph of test cells mounted in holder 
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Test Cell Agitation 
Agitation of the test cells during testing is required to ensure proper mixing of the 
refrigerant/lubricant mixture. A variable speed motor with an offset cam is used to 
provide the mechanism for agitation of the test cells, holders, and beams. A cable is 
looped around the cam and attached to the spring mounted beams. When the cam pulls 
on the cable, and thus the beams, the springs are compressed and the test cells move down 
approximately one half inch. When the cam releases the cable, the springs force the 
beams and test cells back up to their original position. The speed of the motor can be set 
by the operator to vary the frequency of the test cell agitation as desired. 
Constant Temperature Baths 
The temperature of the cells is fixed by placing them in one of two constant 
temperature baths. The high temperature bath is used to maintain temperatures from 10°C 
to 90°C (50°F to 194°F), while the low temperature bath is used for temperatures in the 
range of 10°C to -50°C (50°F to -58°F). 
The baths are constructed of glass which allows complete visibility of the test cells 
and, therefore, the refrigerant/lubricant mixtures throughout the test. The baths are the 
size of a standard fish tank (50.8 cm by 30.48 cm by 25.4 cm ( 20 in. by 12 in. by 10 
in.)). Figure 3.3 is a photograph showing an array of twelve test cells in a bath. Movable 
fluorescent lights are mounted behind the bath to help increase visibility. 
Low Temperature Bath The low temperature bath fluid is composed of 65% pure 
ethylene glycol and 35% water. Pure ethylene glycol is used so that the bath fluid will be 
transparent. The bath is cooled with the use of an R-502 refrigeration system. A 
Figure 3.3 Photograph of test facility 
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temperature controller and a heater are installed to regulate the batli temperature. Figure 
3.4 shows a schematic of the low temperature bath flow loop. 
The bath is insulated on all sides to ensure a uniform temperature. The insulation on 
the front and back of the bath consists of a double-paned Plexiglas window mounted on 
the glass bath. Condensation is prevented by using a nitrogen purge of the dead air 
spaces. Insulation on the other sides is provided by 5.1 cm (2 in.) of styrofoam. 
High Temperature Bath The high temperature bath fluid is water with rust inhibitor 
added. Two inches (5.1 cm) of styrofoam provides the insulation on the ends of the bath, 
while the insulation on the front and back of the bath is provided by a single Plexiglass 
window mounted on the glass leaving a half-inch air space. A temperature controller and 
a heater are installed to regulate the bath temperature. Chilled water is used to provide 
cooling when necessary. Figure 3.5 shows a schematic of the high temperature bath flow 
loop. 
Instrumentation 
The precise temperature of each bath fluid is measured by two internal resistance 
temperature detectors (RTD). These temperature probes consist of a platinum RTD 
connected to a signal conditioner/current transmitter that provide a linear response over the 
temperature range -51°C (-60°F) to 149°C (300°F). The RTD's have an accuracy of 
+0.1 °C (+0.18°F). A microcomputer and data acquisition hardware under the direction of 
a data acquisition program monitors and records signals from all instrumients. 
One cell in each bath is assembled with an internal RTD to determine equilibrium 










































Figure 3.5 Schematic of the high temperature bath flow loop 
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conditions as the test cells, is charged with pure lubricant to provide a "worst case" heat 
transfer situation. In addition, the cell is not agitated as are the test cells. For these 
reasons, the cell is called the dead cell. 
The temperature difference between the dead cell temperature and the bath temperature 
indicates when thermal equilibrium between the cell and the bath has been achieved. If 
thermal equilibrium between the bath and the dead cell has occurred, then thermal 
equilibrium between the test cells and the bath is likely to have occurred. 
Steady state conditions are typically achieved about thirty minutes after a change 
(e.g., 5° to 10°C (9°F to 18°F)) in the circulating bath temperature. After steady state 
conditions have been reached, the individual cell temperatures are assumed to be identical 
to the bath temperature. 
Summary 
A versatile test facility has been described which can provide critically needed 
miscibility data for a variety of refrigerant/lubricant mixtures over a wide range of 
temperatures and pressures. The facility incorporates commercially available test cells 
with high pressure windows for observation of the contents. The facility can be used for 
determination of the miscibility characteristic of refrigerant/lubricant mixtures with 
refrigerant compositions ranging for 0 to 100%. Operating temperatures of the facility 
range from -50°C to 90°C (-58°F to 194°F). Operating pressure ranges from 0 to 3.5 MPa 
(0 to 500 psia). The chapters that follow outline the experimental methods and provide 
experimental results for ten non-CFC refrigerants and fourteen potential lubricants. 
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CHAPTER 4: EXPERIMENTAL PROCEDURE 
In addition to the construction of the test facility, procedures were developed for 
accurate and convenient measurement of the miscibility characteristics of a wide range of 
refrigerant/lubricant solutions. This chapter provides a discussion of the experimental 
procedures that were employed to collect the data that will be presented in later chapters. 
General Experimental Procedures 
Experimental procedures have been developed for measuring refrigerant-lubricant 
miscibility by using the test facility described previously. A typical operating procedure 
for collecting data for a particular refrigerant/lubricant combination involves several 
operations. These operations are described in more detail later in this chapter. They 
include cleaning the test cell assemblies, injecting the necessary lubricant and refrigerant 
quantities, heating or cooling the test cells to the desired conditions, ensuring steady state 
conditions, and recording the necessary miscibility data. 
The data acquisition system described earlier measures the temperature of the bath and 
therefore, the test cells. The miscibility characteristics are visually observed and recorded. 
The amount of the vapor space in the cell is important for accurate determination of the 
refrigerant concentration. This vapor space is important because of variations in vapor 
and liquid densities with temperature. These topics will be explained more fully below. 
Cleaning 
After data are taken and the cells have been emptied, the cells are rinsed three times 
with CFC-113 to remove any traces of lubricant leftover from previous testing. The front 
and back windows and seals are then removed and cleaned with CFC-113. After thorough 
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cleaning, the back window and seals are installed and tightened to ready the cells for the 
charging of the lubricant to be tested. During cleaning, the windows and seals are 
visually examined for defects. 
Refrigerant and Lubricant Charging 
An estimate of the amount of lubricant and refrigerant required to provide the desired 
refrigerant concentration is calculated by knowledge of the total volume of the cell and of 
the room temperature refrigerant and lubricant liquid densities. This is done by assuming 
that the mixture density will be the ideal mixture density (ASHRAE 1990). Only an 
estimate is needed since the actual amounts of refrigerant and lubricant that is put into 
each cell are directly measured on a scale. 
The prescribed amount of lubricant is injected with a syringe through the front window 
space. The front window is then replaced and tightened. A vacuum pump is hooked up 
to one of the valves and a vacuum is pulled for several hours to remove the air in the cell 
as well as any moisture or air that is dissolved in the lubricant. Fittings are retightened if 
a failure to hold either a vacuum or a set pressure indicates that this is necessary. 
The prescribed amount of refrigerant is then injected into the cell from the refrigerant 
canister by using a manifold that allows for the evacuation of the connecting lines. As 
noted previously, the cells are weighed on a scale before and after the injection of the 
lubricant and the refrigerant. The actual amounts of lubricant and refrigerant in each cell 
is then known by differences in the before and after charging weights. The scale has an 
uncertainty of ±0.01 gram (±0.000022 Ibm). The concentration in each cell is calculated 
from the actual masses of refrigerant and lubricant injected, as will be discussed later. 
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Steady-State Conditions 
Once the desired amounts of lubricant and refrigerant have been injected into the cell, 
it is ready for testing. The cells are mounted in the holders and then placed in the bath to 
be heated or cooled to the desired temperatures. The desired temperatures are 10°C 
(18°F) increments from either 90°C to -50°C (194°F to -58°F) or 60°C to -50°C (140°F to 
-58°F), depending on the refrigerant being tested. 
Steady state conditions are assumed when two conditions are met; first, the bath 
temperature is within ±0.5°C (±0.9°F) of the setpoint temperature and second, the 
difference between the instrumented cell and the bath temperature is within 0.5°C (0.9°F). 
At this point the characteristics of the fluid in each cell are recorded. 
The cells are tested first at their highest test temperature and then cooled to 10°C 
(50°F), stopping every 10°C (18°F) to obtain the required miscibility data. The cells must 
then be transferred to the low temperature bath for completion of the temperature range. 
All data are taken in this order to minimize any hysteresis effects that could occur 
when obtaining the miscibility characteristics of refrigerant/lubricant mixtures. The reason 
for this hysteresis effect is that thermal equilibrium of the mixture in the cell is reached 
much faster than diffusional equilibrium. By maintaining a constant temperature for a 
long enough time, the mixture will come to thermal and diffusional equilibrium and there 
would be no hysteresis. The hysteresis effect would occur mostly at low temperatures, 
since diffusion coefficients decrease with decreasing temperature. Additionally, the 
possibility of hysteresis in this type of data is minimized by constant agitation of the cells 
during testing. 
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Since the miscibiUty characteristics of each cell are noted at 10°C (18°F) intervals in this 
study, the uncertainty in the actual temperature where a change in the miscibility 
characteristics is ±5°C (±9°C). Due to this relatively large uncertainty, the uncertainty in the 
temperature measurements (±0.1 °C (±0.18°F), as discussed in Chapter 3) is insignificant. 
After testing the cells through the temperature range, the cells are removed from the 
bath. The refrigerant/lubricant mixture is drained through one of the valves, and the cell 
is cleaned and readied for the next test run. 
Miscibility Characteristics 
When a refrigerant/lubricant mixture is miscible, it appears as one homogeneous 
transparent solution, but when a refrigerant/lubricant mixture is immiscible, there is either 
cloudiness, evidence of particles dispersed throughout the mixture, or there are two liquid 
phases present in the cell. Throughout all of the testing, the visual inspection is made for 
these signs of immiscibility. Figure 4.1 shows a photograph of a test cell containing an 
immiscible refrigerant/lubricant mixture. Two liquid phases can readily be seen in the cell 
below the vapor phase. Most immiscibility encountered is of this form, as can be seen 
from the data in Appendix A. Sometimes cloudiness is observed in the cell. It is thought 
that, given a long enough period of time, the cloudiness would disappear as the liquid 
mixture separated into two phases thus reaching diffusional equilibrium. This thinking is 
supported by discussions with professionals in the refrigeration industry. Particles are 
seldom seen in the mixture when the lubricant used is free of additives. When particles 
are seen, it is thought that additives that were previously added to the lubricant are 
"condensing out" of solution. 
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Figure 4.1 Photograph of immiscible refrigerant/lubricant mixture 
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Refrigerant Concentration 
The reported refrigerant concentration of each test cell is calculated from the total 
masses of refrigerant and lubricant charged into the cell as previously described. The 
uncertainty in the concentration measurements depends upon the concentration that is 
being considered, but the maximum uncertainty is ±0.001 (0.1%). The uncertainty was 
calculated by using a propagation-of-error method discussed by Beckwith, Buck, and 
Marangoni (1982). The concentration of each cell tested is provided in Appendix A. 
Effect of Vapor Volume 
It is important to note that the concentration in the test cell changes as the temperature 
of the cell is varied. This occurs because of a vapor space is required above the liquid 
mixture so that thermal expansion of the liquid mixture will not cause cell failure due to 
extremely high cell internal pressure. Some of the mass of refrigerant injected into the 
cell will be in the vapor phase, and thus, the mass of the refrigerant in the vapor phase 
would not contribute to the mixture liquid composition. 
Additionally, the mass of refrigerant in the vapor phase depends upon both the volume 
of the vapor space and on the density of the refrigerant in the vapor space. The 
refrigerant vapor density changes as the temperature and pressure change. Also, the vapor 
volume changes with temperature due to thermal expansion of the liquid phase. As a 
result, the vapor mass and, thus, the liquid concentration varies as the temperature and 
pressure change. 
If the vapor volume is kept small or if the density of the refrigerant in the vapor phase 
is small, then the effect of the vapor phase refrigerant mass on the liquid concentration 
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will be negligible. In these cases, the concentration as calculated above from the total 
masses of refrigerant and lubricant injected will be the correct concentration. 
As noted previously, if the vapor space is minimized, the effect of the vapor space on 
the liquid composition will be small. For the experimental approach presented here, the 
vapor volumes are kept small; less than 15% of the total space is vapor. Therefore, the 
variation in refrigerant concentration as the temperature is changed during any particular 
test is minimized. 
Additionally, at the lowest test temperature (-50°C (-58°F)), the refrigerant vapor 
density is very small. Therefore, at -50°C (-58°F), essentially all of the refrigerant in the 
cell is in the liquid phase. As the temperature is raised in each cell, the density of the 
vapor phase increases which results in the transport of refrigerant from the liquid phase to 
the vapor phase and, hence, a decrease in refrigerant concentration. However, the volume 
of the vapor phase decreases due to thermal expansion of the liquid phase which 
diminishes some of the impact of this refrigerant concentration decrease. 
Overall, the changes in the liquid composition with temperature are small since the 
vapor volume in each cell is minimized during charging. However, in order to cover the 
entire test temperature range, a 10 to 15% vapor space is required due to thermal 
expansion and contraction. For this required vapor space, changes in liquid composition 
are noticeable for refrigerant concentrations lower than 30%. For example, for a 10% 
R-134a mixture with a 15% vapor volume, the liquid concentration could decrease up to 
2.5% from its initial value. 
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Future Corrections 
If solubility and density data are available for the refrigerant/lubricant combination 
being tested, the refrigerant vapor density and the mixture liquid density at each test 
temperature could be obtained. With an accurate measurement of the vapor space volume, 
the mass of the refrigerant in the vapor space could be calculated. With the mass of 
refrigerant in the vapor space is known, the actual liquid concentration at each test 
temperature could be calculated. Solubility data are not yet available for all of these 
refrigerants and lubricants, and only an estimate of the vapor volume can presently be 
obtained using an ideal mixture density assumption. Therefore, the approach used in this 
study was to minimize the vapor space. 
Using the above approach, one must realize that the refrigerant concentrations 
calculated and presented in the following chapters and Appendix A are maximum values 
for each lubricant-refrigerant test condition. This concentration represents the 
concentration that exists in the cell when the cell is at its lowest temperature, and upon 
increasing the temperature, the concentration will decrease slightly. The concentrations in 
this report are calculated with use of the masses measured on the scale as previously 
described. 
As stated previously, since the miscibility characteristics of each cell are noted at 10°C 
(18°F) intervals in this study, the uncertainty in the actual temperature where a change in 
the miscibility characteristics is ±5°C (±9°F). Due to this large uncertainty in 
temperature, small changes in the refrigerant concentration with temperature can be 
disregarded. 
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Comparison with Manufacturer's Data 
As noted in Chapter 1, limited miscibility data have been published. However, 
miscibility data are sometimes available from the lubricant manufacturer. Some data were 
obtained in this manner for R-134a and the ISO 100 pentaerythritol ester mixed-acid. 
Figure 4.2 shows a miscibility plot which compares miscibility data with data supplied by 
the lubricant manufacturer. This refrigerant/lubricant combination is immiscible at high 
refrigerant concentration and low temperatures. Lines showing the ±5°C (±9°F) 
uncertainty bands are provided in the figure. The figure shows excellent agreement with 
the manufacturer's data. 
Summary 
Operation of the refrigerant/lubricant miscibility test facility has been described in 
detail. Experimental procedures and uncertainties have been outlined. Additionally, some 
data presented in this chapter shows that the test results are accurate. Data obtained with 
this test facility for four HCFC refrigerants and six HFC refrigerants with fourteen 
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CHAPTER 5: HCFC REFRIGERANT AND LUBRICANT SOLUTION RESULTS 
This chapter presents results of miscibility measurements for each of four HCFC 
refrigerants with fourteen lubricants. The data are presented graphically in the form of 
miscibility plots, and also in a table showing critical solution temperatures. A complete 
list of the raw experimental data is tabulated in Appendix A. Each lubricant is 
commercially available and their trade names are given in Appendix B. Additionally, 
properties of the fourteen lubricants are provided in this chapter. 
Lubricant Characteristics 
Each lubricant is designated by its chemical type (base fluid) and viscosity. The 
viscosity presented is a nominal value as designated by ASTM standard D2422-86 (ASTM 
1988). Table 5.1 provides some properties of the fourteen lubricants. The base fluid for 
each lubricant is given along with the density and actual viscosity at various temperatures. 
The flash and pour points are also listed. The densities near ambient temperature range 
from a low of 0.871 g/mL and a high of 1.057 g/mL for the alkylbenzene (ISO 68) 
lubricant and the pentaerythritol ester branched acid (ISO 100) lubricant, respectively. 
The viscosities range from a high of 100 cSt for the pentaerythritol ester (ISO 100) 
lubricants and a low of 19.9 cSt for the pentaerythritol ester mixed acid (ISO 22) 
lubricant, both evaluated at 40°C. The pour points for these lubricants range from -60°C 
for the modified polyglycol (ISO 32) lubricant to -30°C for the pentaerythritol ester mixed 
acid (ISO 100) lubricant. As can be seen from Table 5.1, the flash points for these 
lubricants is generally around 190°C, with extremes of 258°C for the pentaerythritol ester 
branched acid (ISO 100) lubricant and 155°C for the alkylbenzene lubricants. Table 5.2 
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mixed-acid (ISO 22) 
33 <1 <1 0.018 
polypropylene glycol diol 
(ISO 32) 
68 <1 <1 0.007 
pentaerythritol ester 
mixed-acid (ISO 32) 
59 <1 <1 0.229 
polypropylene glycol 
butyl monoether (ISO 32) 
62 <1 <1 0.002 
naphthenic mineral oil 
(ISO 32) 
31 <1 <1 0.004 
alkylbenzene (ISO 32) 28 <1 <1 0.006 
modified polyglycol 
(ISO 32) 
67 <1 <1 0.015 
pentaerythritol ester 
branched-acid (ISO 32) 
43 <0.5 <0.5 0.025 
naphthenic mineral oil 
(ISO 68) 
14 <0.5 <0.5 0.043 
alkylbenzene (ISO 68) 25 <0.5 <0.5 0.014 
polypropylene glycol 
butyl monoether (ISO 58) 
73 <0.5 <0.5 0.052 
polypropylene glycol diol 
(ISO 100) 
63 <0.5 <0.5 0.056 
pentaerythritol ester 
mixed-acid (ISO 100) 
67 <0.5 <0.5 0.097 
pentaerythritol ester 
branched-acid (ISO 100) 
99 <0.5 <0.5 0.056 
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shows some additional properties such as the acid number and the moisture, iron, and 
copper content. As can be seen from Table 5.2, the moisture content of each lubricant is 
less than 100 ppm, and the iron and copper contents are all less than 1 microgram per 
gram of lubricant. Additionally, the acid number is generally less than 0.1, but the ISO 
32 pentaeiythritol ester mixed acid has an acid number of 0.229. 
Results and Discussion 
Results of the measurements with R-22, R-123, R-124, and R-142b in each lubricant 
are presented below. For every refrigerant/lubricant combination investigated, the data set 
consists of the concentration, temperature, and visual characteristics of the contents of the 
cell. Raw data, including refrigerant concentrations and test temperatures, are presented in 
Appendix A. Summarized data are presented in this chapter, and, when applicable, the 
data are presented graphically as well as in tabular form. 
Miscibility data have been obtained for R-22, R-123, R-124, and R-142b and the 
following lubricants; 
• naphthenic mineral oil (ISO 32) 
• alkylbenzene (ISO 32) 
• polypropylene glycol butyl monoether (ISO 32) 
• polypropylene glycol diol (ISO 32) 
modified poly glycol (ISO 32) 
• pentaerythritol ester mixed-acid (ISO 22) 
• pentaerythritol ester mixed-acid (ISO 32) 
• pentaerythritol ester branched-acid (ISO 32) 
• naphthenic mineral oil (ISO 68) 
• alkylbenzene (ISO 68) 
• polypropylene glycol butyl monoether (ISO 58) 
• polypropylene glycol diol (ISO 100) 
• pentaerythritol ester mixed-acid (ISO 100) 
• pentaerythritol ester branched-acid (ISO 100) 
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The tests were performed at refrigerant concentrations of approximately 10%, 20%, 
35%, 50%, 65%, 80%, 90%, and 95% over a temperature range of -50°C to 90°C (-58°F 
to 194°F). The tests were concluded at 60°C (140°F) for the higher vapor pressure 
refrigerants. When cloudiness, precipitate formation, or formation of a second liquid 
phase is noticed, the mixture is considered immiscible. However, in the following 
discussion, when cloudiness or precipitate formation was observed, it will be noted as 
such, but when the mixture separated into two liquid phases, it will be noted as 
immiscible. A summary of the miscibility characteristics for each refrigerant/lubricant pair 
are provided below. 
Miscibility Plots 
A convenient presentation of miscibility data for a refrigerant/lubricant pair is a plot of 
temperature versus refrigerant concentration. The temperature at which a change in the 
miscibility characteristics occurred is plotted for each refrigerant concentration tested (10, 
20, 35, 50, 65, 80, 90, and 95%). A smooth curve drawn through these data points results 
in a miscibility curve. Regions of miscibility and immiscibility are noted on each plot. 
As discussed in Chapter 4, observations for evidence of immiscibility are made at 10°C 
(18°F) increments. If evidence of immiscibility was observed at 0°C (32°F) and not at 10°C 
(50°F), then a more representative temperature at which a change in the miscibility 
characteristics is 5°C (41°F). Further, there is a ± 5°C (± 9°F) uncertainty on the temperature 
at which a change in miscibility occurred. Therefore, the temperature plotted is not the actual 
test temperature, rather, the plotted temperature is 5°C ( 9°F) different from the actual test 
temperature, and it should be stressed that there is a ± 5°C (± 9°F) uncertainty band 
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associated with the hnes on each plot. 
Some refrigerant/lubricant combinations were found to be completely miscible over the test 
temperature range. Therefore, a miscibility plot is not required, and, therefore, not presented. 
Critical Solution Temperatures 
The critical solution temperature as defined in the ASHRAE Refrigeration Handbook 
(1990) is the temperature above which a refrigerant/lubricant combination is miscible for all 
refrigerant concentrations. Since some of the new refrigerant/lubricant combinations have 
regions of immiscibility that occur with increasing temperature, a new definition must be used. 
In this report, the lower critical solution temperature will have ASHRAE's definition and the 
upper critical solution temperature is defined as temperature below which a refrigerant/lubricant 
combination is miscible for all refrigerant concentrations. Tables showing the critical solution 
temperatures of each refrigerant/lubricant pair are provided. 
Some refrigerant/lubricant combinations were found to have concentrations that were 
immiscible over the entire test temperature range. Other refrigerant/lubricant combinations 
remained miscible throughout the entire test temperature range for all concentrations. For 
these cases, the critical solution temperature is not defined. Therefore, when presenting critical 
solution temperatures, these cases will be identified as immiscible and miscible, respectively. 
R-22 Miscibility Data 
R-22 was found to be completely miscible over the temperature range -50°C to 60°C 
(-58°F to I40°F) with the following lubricants: 
• alkylbenzene (ISO 32) 
polypropylene glycol butyl monoether (ISO 32) 
• polypropylene glycol diol (ISO 32) 
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• pentaerythritol ester mixed-acid (ISO 22) 
• pentaerythritol ester mixed-acid (ISO 32) 
• pentaerythritol ester branched-acid (ISO 32) 
• • alkylbenzene (ISO 68) 
• polypropylene glycol butyl monoether (ISO 58) 
• polypropylene glycol diol (ISO 100) 
• pentaerythritol ester mixed-acid (ISO 100) 
• pentaerythritol ester branched-acid (ISO 100) 
The rest of the lubricants tested exhibited some partial miscibility. A summary of the 
miscibility characteristics of these lubricants follows. Additionally, plots of the miscibility 
characteristics of these lubricants and R-22 are presented. 
Naphthenic Mineral Oil (ISO 3D The 12%, 20%, and 95% refrigerant mixtures were 
miscible throughout the test temperature range. The 36%, 47%, 68%, 81%, and 90% 
refrigerant mixtures were immiscible at temperatures below -40.3°C, -30.1°C, -20.5°C, -9.7°C, 
and -19.6°C, respectively. Figure 5.1 shows a miscibility plot for R-22 and the ISO 32 
naphthenic mineral oil. 
Modified Polvelvcol (ISO 32) The 9%, 68%, 81%, 91%, and 95% refrigerant mixtures 
were miscible throughout the test temperature range. The 23%, 39%, and 49% refrigerant 
mixtures became hazy at temperatures below -19.6°C, -19.6°C, and -29.8°C, respectively. 
Figure 5.2 shows a miscibility plot for R-22 and the ISO 32 modified poly glycol. 
Naphthenic Mineral Oil (ISO 68) The 12% and 22% refrigerant mixtures were miscible 
throughout the test temperature range. The 36%, 51%, 64%, 80%, 90%, and 95% refrigerant 
mixtures were immiscible at temperatures below -29.9°C, -10.5°C, 0.0°C, 10.9°C, -10.5°C, and 
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R-22/ISO 68 naphthenic mineral oil 
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Figure 5.3 Miscibility plot for R-22/ISO 68 naphthenic mineral oil mixtures 
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Table 5.3 provides a summary of the critical solution temperatures for each lubricant and 
R-22 pair. All of the lubricants are completely miscible with R-22 except for the ISO 32 
naphthenic mineral oil, the ISO 68 naphthenic mineral oil, and the ISO 32 modified 
polyglycol, which have critical solution temperatures of-10°C, 10°C, and -20°C, respectively. 
R-123 Miscibility Data 
R-123 was found to be completely miscible over the temperature range -50°C to 60°C 
(-58°F to 140°F) with the following lubricants: 
• naphthenic mineral oil (ISO 32) 
• alkylbenzene (ISO 32) 
• polypropylene glycol butyl monoether (ISO 32) 
• polypropylene glycol diol (ISO 32) 
• modified polyglycol (ISO 32) 
• pentaerythritol ester mixed-acid (ISO 22) 
• pentaerythritol ester mixed-acid (ISO 32) 
• pentaerythritol ester branched-acid (ISO 32) 
• alkylbenzene (ISO 68) 
• polypropylene glycol diol (ISO 100) 
• pentaerythritol ester mixed-acid (ISO 100) 
• pentaerythritol ester branched-acid (ISO 100) 
The rest of the lubricants tested exhibited some partial miscibility. A summaiy of the 
miscibility characteristics of these lubricants follows. Additionally, plots of the miscibility 
characteristics of these lubricants and R-123 are presented. 
Naphthenic Mineral Oil (ISO 68'> The 11%, 21%, 38%, and 95% concentrations were 
miscible throughout the test temperature range. The 47%, 63%, 80%, and 89% concentrations 
became hazy at temperatures below -47.7°C, -47.7°C, -40.3°C, and -47.7°C, respectively. 
Figure 5.4 shows a miscibility plot for R-123 and the ISO 68 naphthenic mineral oil. 
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Table 5.3 Critical solution temperatures for R-22 and 14 lubricants 
R-22 
Lubricant Critical Solution Temperature 
(Lower/Upper) 
naphthenic mineral oil (ISO 32) -10°C 
alkylbenzene (ISO 32) Miscible (-50°C to 60°C) 
polypropylene glycol butyl monoether (IS032) Miscible (-50°C to 60°C) 
polypropylene glycol diol (ISO 32) Miscible (-50°C to 60°C) 
modified polyglycol (ISO 32) -20°C 
pentaerythritol ester mixed-acid (ISO 22) Miscible (-50°C to 60°C) 
pentaerythritol ester mixed-acid (ISO 32) Miscible (-50°C to 60°C) 
pentaerythritol ester branched-acid (ISO 32) Miscible (-50°C to 60°C) 
n^hthenic mineral oil (ISO 68) 10°C 
alkylbenzene (ISO 68) Miscible (-50°C to 60°C) 
polypropylene glycol butyl monoether (IS058) Miscible (-50°C to 60°C) 
polypropylene glycol diol (ISO 100) Miscible (-50°C to 60°C) 
pentaerythritol ester mixed-acid (ISO 100) Miscible (-50°C to 60°C) 
pentaerytliritol ester branched-acid (ISO 100) Miscible (-50°C to 60°C) 
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Figure 5.4 Miscibility plot for R-123/ISO 68 naphthenic mineral oil mixtures 
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Polypropylene Glycol Butyl Monoether (ISO 58) The 38%, 48%, 64%, 78%, 90%, and 
95% concentrations were miscible throughout the test temperature range. The 13% and 21% 
concentrations became immiscible at temperatures above 49.9°C and 20.1°C, respectively. 
Figure 5.5 shows a miscibility plot for R-123 and the ISO 58 polypropylene glycol butyl 
monoether. 
Table 5.4 provides a summary of the test data for each lubricant and R-123 pair. All of 
the lubricants are completely miscible with R-123 except for the naphthenic mineral oil (ISO 
68) and the polypropylene glycol butyl monoether (ISO 58), which are all partially miscible 
with R-123. The naphthenic mineral oil (ISO 68) has a lower critical solution temperature of 
-40°C, and the polypropylene glycol butyl monoether (ISO 58) has an upper critical solution 
temperature of 20°C. 
R-124 Miscibility Data 
R-124 was found to be completely miscible over the temperature range -50°C to 90°C 
(-58°F to 194°F) with the following lubricants: 
• alkylbenzene (ISO 32) 
• polypropylene glycol butyl monoether (ISO 32) 
• polypropylene glycol diol (ISO 32) 
• pentaerythritol ester mixed-acid (ISO 22) 
• pentaerythritol ester mixed-acid (ISO 32) 
• pentaerythritol ester branched-acid (ISO 32) 
• alkylbenzene (ISO 68) 
• polypropylene glycol butyl monoether (ISO 58) 
• polypropylene glycol diol (ISO 100) 
• pentaerythritol ester mixed-acid (ISO 100) 
• pentaerythritol ester branched-acid (ISO 100) 
The rest of the lubricants tested exhibited some partial miscibility. A summary of the 
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Figure 5.5 Miscibility plot for R-123/ISO 58 polypropylene glycol butyl monoether 
mixtures 
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Table 5.4 Critical solution temperatures for R-123 and 14 lubricants 
R-123 
Lubricant Critical Solution Temperature 
(Lower/Upper) 
naphthenic mineral oil (ISO 32) Miscible (-50°C to 60°C) 
alkylbenzene (ISO 32) Miscible (-50°C to 60°C) 
polypropylene glycol bulyl monoether (IS032) Miscible (-50°C to 60°C) 
polypropylene glycol diol (ISO 32) Miscible (-50°C to 60°C) 
modified polyglycol (ISO 32) Miscible (-50°C to 60°C) 
pentaerythritol ester mixed-acid (ISO 22) Miscible (-50°C to 60°C) 
pentaerythritol ester mixed-acid (ISO 32) Miscible (-50°C to 60°C) 
pentaerythritol ester branched-acid (IS032) Miscible (-50°C to 60°C) 
naphthenic mineral oil (ISO 68) -40°C/None 
alkylbenzene (ISO 68) Miscible (-50°C to 60°C) 
polypropylene glycol butyl monoether(IS058) None/ 20°C 
polypropylene glycol diol (ISO 100) Miscible (-50°C to 60°C) 
pentaerythritol ester mixed-acid (ISO 100) Miscible (-50°C to 60°C) 
pentaerythritol ester branched-acid (ISO 100) Miscible (-50°C to 60°C) 
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characteristics of these lubricants and R-124 are presented. 
Naphthenic Mineral Oil QSO 32) The 11% refrigerant mixture was miscible throughout 
the test temperature range. The 23%, 36%, 52%, 66%, 81%, 90%, and 96% refrigerant 
mixtures were immiscible at temperatures below -46.6°C, -20.3°C, -0.1 °C, 19.7°C, 19.7°C, 
20.5°C, and -30.0°C, respectively. Figure 5.6 shows a miscibility plot for R-124 and the ISO 
32 naphthenic mineral oil. 
Modified Polvglvcol (ISO 32^ The 9%, 19%, 90%, and 94% refrigerant mixtures were 
miscible throughout the test temperature range. The 37%, 50%, 67%, and 81% refrigerant 
mixtures became hazy at temperatures below -20.3°C, -30.1°C, -10.2°C, and -20.3°C, 
respectively. Figure 5.7 shows a miscibility plot for R-124 and the ISO 32 modified 
poly glycol. 
Naphthenic Mineral Oil (ISO 68^ The 12% refrigerant mixture was miscible throughout 
the test temperature range. The 22%, 37%, 50%, 66%, 80%, 90%, and 95% refrigerant 
mixtures were immiscible at temperatures below -48.6°C, 0.0°C, 20.1°C, 39.5°C, 49.8°C, 
39.5°C and 20.1°C, respectively. Figure 5.8 shows a miscibility plot for R-124 and the ISO 68 
naphthenic mineral oil. 
Table 5.5 provides a summary of the test data for each lubricant and R-124 pair. All of 
the lubricants are completely miscible with R-124 except for the naphthenic mineral oils (ISO 
32 and 68) and the modified polyglycol (ISO 32), which are all partially miscible with R-124. 
The lower critical solution temperatures for the naphthenic mineral oils (ISO 32 and 68) and 
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Figure 5.8 Miscibility plot for R-124/ISO 68 naphthenic mineral oil mixtures 
69 
Table 5.5 Critical solution temperatures for R-124 and 14 lubricants 
R-124 
Lubricant Critical Solution Temperature 
(Lower/Upper) 
naphthenic mineral oil (ISO 32) 20°C/None 
alkylbenzene (ISO 32) Miscible (-50°C to 60°C) 
polypropylene glycol butyl monoether (IS032) Miscible (-50°C to 60°C) 
polypropylene glycol diol (ISO 32) Miscible (-50°C to 60°C) 
modified polyglycol (ISO 32) -10°C/None 
pentaerythritol ester mixed-acid (ISO 22) Miscible (-50°C to 60°C) 
pentaerythritol ester mixed-acid (ISO 32) Miscible (-50°C to 60°C) 
pentaerythritol ester branched-acid (IS032) Miscible (-50°C to 60°C) 
naphthenic mineral oil (ISO 68) 50°C/None 
alkylbenzene (ISO 68) Miscible (-50°C to 60°C) 
polypropylene glycol butyl monoether (IS058) Miscible (-50°C to 60°C) 
polypropylene glycol diol (ISO 100) Miscible (-50°C to 60°C) 
pentaerythritol ester mixed-acid (ISO 100) Miscible (-50°C to 60°C) 
pentaerythritol ester branched-acid (ISO 100) Miscible (-50°C to 60°C) 
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R-142b Miscibility Data 
R-142b was found to be completely miscible over the temperature range -50°C to 90°C 
(-58°F to 194°F) with the following lubricants: 
• alkylbenzene (ISO 32) 
• polypropylene glycol butyl monoether (ISO 32) 
• polypropylene glycol diol (ISO 32) 
• pentaerythritol ester mixed-acid (ISO 22) 
• pentaeiythritol ester mixed-acid (ISO 32) 
• pentaerythritol ester branched-acid (ISO 32) 
• alkylbenzene (ISO 68) 
• polypropylene glycol butyl monoether (ISO 58) 
• polypropylene glycol diol (ISO 100) 
• pentaerythritol ester mixed-acid (ISO 100) 
• pentaerythritol ester branched-acid (ISO 100) 
The rest of the lubricants tested exhibited some partial miscibility. A summary of the 
miscibility characteristics of these lubricants follows. Additionally, plots of the miscibility 
characteristics of these lubricants and R-142b are presented. 
Naphthenic Mineral Oil (ISO 32'> The 9%, 24%, 36%, 90% and 95% refrigerant 
mixtures were miscible throughout the test temperature range. The 50%, 66%, and 80% 
refrigerant mixtures became immiscible at temperatures below -49.3°C, -40.3°C, and -40.3°C, 
respectively. Figure 5.9 shows a miscibility plot for R-142b and the ISO 32 naphthenic 
mineral oil. 
Modified Polvglvcol CISO 32) The 9%, 53%, 80%, 91% and 95% refrigerant mixtures 
were miscible throughout the test temperature range. The 23%, 37%, and 68% refrigerant 
mixtures became hazy at temperatures below -39.9°C, -39.9°C, and -46.4°C, respectively. 
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Figure 5.10 Miscibility plot for R-142b/ISO 32 modified polyglycol mixtures 
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Naphthenic Mineral Oil (ISO 68) The 9% and 94% refrigerant mixtures were miscible 
throughout the test temperature range. The 21%, 36%, 48%, 65%, 79%, and 89% refrigerant 
mixtures became immiscible at temperatures below -46.1°C, -40.3°C, -30.1°C, -30.1°C, 
-30.1°C, and -40.3°C, respectively. Figure 5.11 shows a miscibility plot for R-142b and the 
ISO 68 naphthenic mineral oil. 
Table 5.6 provides a summary of the test data for each lubricant and R-142b pair. All of 
the lubricants are completely miscible with R-142b except for the naphthenic mineral oils (ISO 
32 and 68) and the modified polyglycol (ISO 32), which are all partially miscible with R-142b. 
The lower critical solution temperatures for the naphthenic mineral oils (ISO 32 and 68) and 
the modified polyglycol (ISO 32) are -40°C, -30°C, and -40°C, respectively. 
Summary 
Data have been collected for solutions of four HCFC refrigerants each with fourteen 
lubricants. The testing provides miscibility data over a temperature range of -50°C to 90°C 
(-58°F to 194°F), the concentration range of 10 to 95% refrigerant, and for pressures up to 3.5 
MPa (500 psia). The results are presented as miscibility plots and as tables showing critical 
solution temperatures. The next chapter provides results for six (6) HFC refrigerants with 
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Figure 5.11 Miscibility plot for R-142b/ISO 68 naphthenic minerai oil mixtures 
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Table 5.6 Critical solution temperatures for R-142b and 14 lubricants 
R-142b 
Lubricant Critical Solution Temperature 
(Lower/Upper) 
naphthenic mineral oil (ISO 32) -40°C/None 
alkylbenzene (ISO 32) Miscible (-50°C to 90°C) 
polypropylene glycol butyl monoether (IS032) Miscible (-50°C to 90°C) 
polypropylene glycol diol (ISO 32) Miscible (-50°C to 90°C) 
modified polyglycol (ISO 32) -40°C/None 
pentaerythritoi ester mixed-acid (ISO 22) Miscible (-50°C to 90°C) 
pentaerythritol ester mixed-acid (ISO 32) Miscible (-50°C to 90°C) 
pentaerythritoi ester branched-acid (IS032) Miscible (-50°C to 90°C) 
n^hthenic mineral oil (ISO 68) -30°C/None 
alkylbenzene (ISO 68) Miscible (-50°C to 90°C) 
polypropylene glycol butyl monoether (ISO 5 8) Miscible (-50°C to 90°C) 
polypropylene glycol diol (ISO 100) Miscible (-50°C to 90°C) 
pentaerythritoi ester mixed-acid (ISO 100) Miscible (-50°C to 90°C) 
pentaerythritoi ester branched-acid (ISO 100) Miscible (-50°C to 90°C) 
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CHAPTER 6: HFC REFRIGERANT AND LUBRICANT SOLUTION RESULTS 
This chapter presents results of miscibility measurements for each of six HFC refrigerants 
in fourteen test lubricants. The data are presented graphically in the form of miscibility plots, 
and also in a table showing critical solution temperatures. A complete list of the actual 
experimental data is tabulated in Appendix A. Each lubricant is commercially available and 
their trade names are given in Appendix B. Properties of the test lubricants are provided in 
Chapter 5. 
Results and Discussion 
Results of the measurements with R-32, R-125, R-134, R-134a, R-143a and R-152a in 
each lubricant are presented below. For every refrigerant/lubricant combination investigated, 
the data set consists of the concentration, temperature, and visual characteristics of the contents 
of the cell. Raw data, including refrigerant concentrations and test temperatures, are presented 
in Appendix A. Summarized data are presented in this chapter, and, when applicable, the data 
are presented graphically as well as in tabular form. 
Miscibility data have been obtained for R-32, R-125, R-134, R-134a, R-143a and R-152a 
and the following lubricants; 
• naphthenic mineral oil (ISO 32) 
• alkylbenzene (ISO 32) 
• polypropylene glycol butyl monoether (ISO 32) 
• polypropylene glycol diol (ISO 32) 
• modified polyglycol (ISO 32) 
• pentaerythritol ester mixed-acid (ISO 22) 
• pentaerythritol ester mixed-acid (ISO 32) 
• pentaerythritol ester branched-acid (ISO 32) 
• naphthenic mineral oil (ISO 68) 
• alkylbenzene (ISO 68) 
• polypropylene glycol butyl monoether (ISO 58) 
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• polypropylene glycol diol (ISO 100) 
• pentaerythritol ester mixed-acid (ISO 100) 
• pentaerythritol ester branched-acid (ISO 100) 
The tests were performed at refrigerant concentrations of approximately 10%, 20%, 35%, 
50%, 65%, 80%, 90%, and 95% over a temperature range of -50°C to 90°C (-58°F to 194°F). 
The tests were concluded at 60°C (140°F) for the higher vapor pressure refrigerants. When 
cloudiness, precipitate formation, or formation of a second liquid phase is noticed, the mixture 
is considered immiscible. However, in the following discussion, when cloudiness or 
precipitate formation was observed, it will be noted as such, but when the mixture separated 
into two liquid phases, it will be noted as immiscible. A summary of the miscibility 
characteristics for each refrigerant/lubricant pair are provided below. 
Miscibility Plots 
A convenient presentation of miscibility data for a refrigerant/lubricant pair is a plot of 
temperature versus refrigerant concentration. The temperature at which a change in the 
miscibility characteristics occurred is plotted for each refrigerant concentration tested (10, 20, 
35, 50, 65, 80, 90, and 95%). A smooth curve is drawn through these data points resulting in 
a miscibility curve. Regions of miscibility and immiscibility are noted on each plot. 
As discussed in Chapter 3, observations for evidence of immiscibility are made at 10°C 
(18°F) increments. If evidence of immiscibility was observed at 0°C (32°F) and not at 10°C 
(50°F), then a more representative temperature at which a change in the miscibility 
characteristics is 5°C (41 °F). Further, there is a ± 5°C (±9°F) uncertainty on the temperature 
at which a change in miscibility occurred. Therefore, the temperature plotted is not the actual 
test temperature, rather, the plotted temperature is 5°C (9°F) different from the actual test 
temperature, and it should be stressed that there is a ± 5°C (± 9°F) uncertainty band 
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associated with the Unes on each plot. 
Some refrigerant/lubricant combinations were found to be completely miscible over the test 
temperature range. Therefore, a miscibility plot is not presented. A summary of the 
characteristics of each refrigerant/lubricant pair follows. 
Critical Solution Temperatures 
The critical solution temperature as defined in the ASHRAE Refrigeration Handbook 
(1990) is the temperature above which a refrigerant/lubricant combination is miscible for all 
refrigerant concentrations. Since some of the new refrigerant/lubricant combinations have 
regions of immiscibility that occur with increasing temperature, a new definition must be used. 
In this report, the lower critical solution temperature will have ASHRAE's definition and the 
upper critical solution temperature is defined as temperature below which a refiigerant/Iubricant 
combination is miscible for all refrigerant concentrations. Tables showing the critical solution 
temperatures of each refrigerant/lubricant pair are provided. 
Some refrigerant/lubricant combinations were found to have concentrations that were 
immiscible over the entire test temperature range. Other refiigerant/Iubricant combinations 
remained miscible throughout the entire test temperature range for all concentrations. For 
these cases, the critical solution temperature is not defined. Therefore, when presenting critical 
solution temperatures, these cases will be identified as immiscible and miscible, respectively. 
R-32 Miscibility Data 
R-32 was found to be completely miscible over the temperature range -50°C to 60°C 
(-58°F to 140°F) with the following lubricant; 
• polypropylene glycol diol (ISO 32) 
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The rest of the lubricants tested exhibited some partial miscibility. A summary of the 
miscibility characteristics of these lubricants follows. Additionally, plots of the miscibility 
characteristics of these lubricants and R-32 are presented. 
Naphthenic Mineral Oil (ISO 32) The 9% refrigerant mixture was immiscible below 
-0.2°C. The seven other concentrations were immiscible throughout the test temperature range. 
Figure 6.1 shows a miscibility plot for R-32 and the ISO 32 naphthenic mineral oil. 
Alkvlbenzene (ISO 32) The 13% refrigerant mixture was immiscible below 20.5°C. 
The seven other concentrations were immiscible throughout the test temperature range. Figure 
6.2 shows a miscibility plot for R-32 and the ISO 32 alkylbenzene. 
Polypropylene Glycol Butvl Monoether (ISO 32) The 14%, 20%, and 34% refrigerant 
mixtures were miscible throughout the test temperature range. The 53%, 63%, and 94% 
refrigerant mixtures became immiscible at temperatures below -30.4°C, -0.1 °C, and -19.6°C, 
respectively. Also, the 53%, 63%, and 94% refrigerant mixtures became immiscible at 
temperatures above 55.4°C, 30.0°C, and 38.7°C, respectively. The 80% and 89% refrigerant 
mixtures were immiscible throughout the test temperature range. Figure 6.3 shows a 
miscibility plot for R-32 and the ISO 32 polypropylene glycol butyl monoether. 
Modified Polvglvcol (ISO 32) The 12% and 94% refrigerant mixtures were miscible 
throughout the test temperature range. The 21%, 34%, 48%, and 65% refrigerant mixtures 
became hazy at temperatures below -40.1°C, -0.1 °C, 10.4°C, and -0.1 °C, respectively. Also, 
the 65% refrigerant mixture became immiscible at temperatures above 60.4°C. The 80% and 
90% refrigerant mixtures became immiscible at temperatures above 60.4°C. Figure 6.4 shows 
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Figure 6.4 Miscibility plot for R-32/ISO 32 modified polyglycol mixtures 
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Pentaervthritol Ester Mixed-Acid (ISO 21) The 14% and 20% refrigerant mixtures were 
miscible throughout the test temperature range. The 35%, 49%, 65%, 79%, 90%, and 95% 
refrigerant mixtures became immiscible at temperatures below -49.3°C, -19.6°C, -0.3°C, 
-0.3°C, -10.5°C and -30.4°C, respectively. Also, the 65% and 79% refrigerant mixtures 
became immiscible at temperatures above 49.9°C. Figure 6.5 shows a miscibility plot for R-32 
and the ISO 22 pentaerythritol ester mixed-acid. 
Pentaervthritol Ester Mixed-Acid (ISO 32) The 11%, 21%, and 34% refrigerant 
mixtures were miscible throughout the test temperature range. The 48%, 61%, 79%, 90%, and 
95% refrigerant mixtures became hazy at temperatures below -40.1°C, -29.7°C, -19.6°C, 
-19.9°C, and -19.6°C, respectively. Figure 6.6 shows a miscibility plot for R-32 and the ISO 
32 pentaerythritol ester mixed-acid. 
Pentaervthritol Ester Branched-Acid (ISO 32) The 12%, 20%, and 36% refrigerant 
mixtures were miscible throughout the test temperature range. The 51%, 65%, 79%, 90%, and 
94% refrigerant mixtures became immiscible at temperatures below -30.0°C, -19.9°C, -19.9°C, 
-30.0°C, and -40.5°C, respectively. Figure 6.7 shows a miscibility plot for R-32 and the ISO 
32 pentaerythritol ester branched-acid. 
Naphthenic Mineral Oil (ISO 68) The 10% refrigerant mixture was immiscible below 
30.0°C, The seven other concentrations were immiscible throughout the test temperature 
range. Figure 6.8 shows a miscibility plot for R-32 and the ISO 68 naphthenic mineral oil. 
Alkvlbenzene (ISO 68) The 12% refrigerant mixture was immiscible below 9.7°C. The 
seven other concentrations were immiscible throughout the test temperature range. Figure 6.9 
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Figure 6.9 Miscibility plot for R-32/ISO 68 alkylbenzene mixtures 
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Polypropylene Glycol Butvl Monoether (ISO 581 The 12%, 21%, and 32% refrigerant 
mixtures were miscible throughout the test temperature range. The 47% refrigerant mixture 
became immiscible at temperatures below -19.8°C. The four other concentrations were 
immiscible throughout the test temperature range. Figure 6.10 shows a miscibility plot for R-
32 and the ISO 58 polypropylene glycol butyl monoether. 
Polypropylene Glycol Diol (ISO lOO't The 12%, 21%, and 36% refrigerant mixtures 
were miscible throughout the test temperature range. The 49% refrigerant mixture became 
immiscible at temperatures below -40.3°C. Also, the 49% refrigerant mixture became 
immiscible at temperatures above 49.8°C. The four other concentrations were immiscible 
throughout the test temperature range. Figure 6.11 shows a miscibility plot for R-32 and the 
ISO 100 polypropylene glycol diol. 
Pentaervthritol Ester Mixed-Acid (ISO 1001 The 12% and 21% refrigerant mixtures 
were miscible throughout the test temperature range. The 35%, 51%, and 94% refrigerant 
mixtures became immiscible at temperatures below -30.1°C, 9.9°C, and -0.3°C, respectively. 
The 65%, 78%, and 89% refrigerant mixtures were immiscible throughout the test temperature 
range. Figure 6.12 shows a miscibility plot for R-32 and the ISO 100 pentaerythritol ester 
mixed-acid. 
Pentaervthritol Ester Branched-Acid (ISO 1001 The 12%, 21%, and 35% refrigerant 
mixtures were miscible throughout the test temperature range. The 51% and 65% refrigerant 
mixtures became immiscible at temperatures below -40.3°C, and -20.1°C, respectively. Also, 
the 65% refrigerant mixture became immiscible at temperatures above 49.8°C. The three other 
concentrations were immiscible throughout the test temperature range. Figure 6.13 shows a 
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Table 6.1 provides a summary of the test data for each lubricant and R-32 pair. The 
polypropylene glycol diol (ISO 32) lubricant is completely miscible with R-32. The rest of the 
lubricants are partially miscible with R-32. The modified polyglycol (ISO 32) has a lower 
critical solution temperature of 10°C and an upper critical solution temperature of 60°C. The 
pentaerythritol ester mixed acid (ISO 22) has a lower critical solution temperature of 0°C and 
an upper critical solution temperature of 50°C. The pentaerythritol ester mixed acid (ISO 32) 
and the pentaerythritol ester branched acid (ISO 32) each have a lower critical solution 
temperature of -20°C. 
R-125 Miscibility Data 
R-125 was found to be completely miscible over the temperature range -50°C to 60°C with 
the following lubricants; 
• polypropylene glycol diol (ISO 32) 
• pentaerythritol ester mixed-acid (ISO 22) 
• pentaerythritol ester mixed-acid (ISO 32) 
• pentaerythritol ester branched-acid (ISO 32) 
The rest of the lubricants tested exhibited some partial miscibility. A summary of the 
miscibility characteristics of these lubricants follows. Additionally, plots of the miscibility 
characteristics of these lubricants and R-32 are presented. 
Naphthenic Mineral Oil (ISO 32) The 11% refrigerant mixture was immiscible below 
30.1°C. The seven other concentrations were immiscible throughout the test temperature 
range. Figure 6.14 shows a miscibility plot for R-125 and the ISO 32 naphthenic mineral oil. 
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Table 6.1 Critical solution temperatures for R-32 and 14 lubricants 
R-32 
Lubricant Critical Solution Temperature 
Lower / Upper 
naphthenic mineral oil (ISO 32) Immiscible (-50°C to 60°C) 
alkylbenzene (ISO 32) Immiscible (-50°C to 60°C) 
polypropylene glycol butyl monoether (IS032) Immiscible (-50°C to 60°C) 
polypropylene glycol diol (ISO 32) Miscible (-50°C to 60°C) 
modified polyglycol (ISO 32) 10°C / 60°C 
pentaerythritol ester mixed-acid (ISO 22) 0°C/50°C 
pentaerythritol ester mixed-acid (ISO 32) -20°C / none 
pentaerythritol ester branched-acid (ISO 32) -20°C / none 
naphthenic mineral oil (ISO 68) Immiscible (-50°C to 60°C) 
alkylbenzene (ISO 68) Immiscible (-50°C to 60°C) 
polypropylene glycol butyl monoether (IS058) Immiscible (-50°C to 60°C) 
polypropylene glycol diol (ISO 100) Immiscible (-50°C to 60°C) 
pentaerythritol ester mixed-acid (ISO 100) Immiscible (-50°C to 60°C) 
pentaerythritol ester branched-acid (ISO 100) Immiscible (-50°C to 60°C) 
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Allcvlbenzene (ISO 321 The 13% refrigerant mixture was immiscible below -0.6°C. 
The seven other concentrations were immiscible throughout the test temperature range. Figure 
6.15 shows a miscibility plot for R-125 and the ISO 32 alkylbenzene. 
Polypropylene Glycol Butvl Monoether (ISO 32) The 12%, 23%, 37% and 52% 
refrigerant mixtures were miscible throughout the test temperature range. The 65%, 82%, 
90%, and 94% refrigerant mixtures became immiscible at temperatures above 59.8°C, 49.8°C, 
49.6°C, and 49.6°C, respectively. Figure 6.16 shows a miscibility plot for R-125 and the ISO 
32 polypropylene glycol butyl monoether. 
Modified Polyglvcol (ISO 321 The 11% refrigerant mixture was miscible throughout the 
test temperature range. The 20%, 36%, 49%, and 67% refrigerant mixtures became hazy at 
temperatures below -30.1°C, -30.1°C, -0.4°C, and -0.4°C, respectively. The 82%, 90%, and 
95% refngerant mixtures became immiscible at temperatures above 39.7°C, 29.9°C, and 
40.5°C, respectively. Figure 6.17 shows a miscibility plot for R-125 and the ISO 32 modified 
poly glycol. 
Naphthenic Mineral Oil (ISO 681 The 12%, 23%, and 31% refrigerant mixtures were 
immiscible below 30.1°C, 50.0°C, 50.0°C, respectively. The five other concentrations were 
immiscible throughout the test temperature range. Figure 6.18 shows a miscibility plot for R-
125 and the ISO 68 naphthenic mineral oil. 
Alkylbenzene (ISO 681 The 14%, 22%, 36%, and 48% refrigerant mixtures were 
immiscible below 20.5°C, 40.1°C, 50.0°C, 50.0°C, respectively. The four other concentrations 
were immiscible throughout the test temperature range. Figure 6.19 shows a miscibility plot 
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Figure 6.17 Miscibility plot for R-125/ISO 32 modified polyglycol mixtures 
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PolvproDvlene Glycol Butvl Monoether (ISO 58) The 10%, 21%, 35% and 50% 
refrigerant mixtures were miscible throughout the test temperature range. The 65%, 80%, 
89%, and 95% refrigerant mixtures became immiscible at temperatures above 49.9°C, 40.1°C, 
40.1°C, and 40.1°C, respectively. Figure 6.20 shows a miscibility plot for R-125 and the ISO 
58 polypropylene glycol butyl monoether. 
PolvproDvlene Glycol Diol (ISO 100) The 12%, 23%, 37%, 51%, and 61% refrigerant 
mixtures were miscible throughout the test temperature range. The 80%, 90%, and 94% 
refrigerant mixtures became immiscible at temperatures above 39.8°C. Figure 6.21 shows a 
miscibility plot for R-125 and the ISO 100 polypropylene glycol diol. 
Pentaervthritol Ester Mixed-Acid (ISO 1001 The 13%, 18%, 36% and 50% refrigerant 
mixtures were miscible throughout the test temperature range. The 66%, 79%, 89%, and 95% 
refrigerant mixtures became immiscible at temperatures above 59.4°C. Figure 6.22 shows a 
miscibility plot for R-125 and the ISO 100 pentaerythritol ester mixed-acid. 
Pentaervthritol Ester Branched-Acid (ISO 100) The 12%, 17%, 36%, 51%, and 64% 
refrigerant mixtures were miscible throughout the test temperature range. The 77%, 89%, and 
95% refrigerant mixtures became immiscible at temperatures above 60.1°C, 49.6°C, and 
39.8°C, respectively. Figure 6.23 shows a miscibility plot for R-125 and the ISO 100 
pentaerythritol ester branched-acid. 
Table 6.2 provides a summary of the test data for each lubricant and R-125 pair. The 
polypropylene glycol diol (ISO 32), the pentaerythritol ester mixed-acid (ISO 22), the 
pentaerythritol ester mixed-acid (ISO 32), and the pentaerythritol ester branched-acid (ISO 32) 
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Table 6.2 Critical solution temperatures for R-125 and 14 lubricants 
R-12S 
Lubricant Critical Solution Temperature 
(Lower/Upper) 
naphthenic mineral oil (ISO 32) Immiscible (-50°C to 60°C) 
alkylbenzene (ISO 32) Immiscible (-50°C to 60°C) 
polypropylene glycol butyl monoether (IS032) None/50°C 
polypropylene glycol diol (ISO 32) Miscible (-50°C to 60°C) 
modified polyglycol (ISO 32) 0°C/30°C 
pentaerythritol ester mixed-acid (ISO 22) Miscible (-50°C to 60°C) 
pentaerythritol ester mixed-acid (ISO 32) Miscible (-50°C to 60°C) 
pentaerythritol ester branched-acid (IS032) Miscible (-50°C to 60°C) 
naphthenic mineral oil (ISO 68) Immiscible (-50°C to 60°C) 
alkylbenzene (ISO 68) Immiscible (-50°C to 60°C) 
polypropylene glycol butyl monoether (IS058) ' None/40°C 
polypropylene glycol diol (ISO 100) None/40°C 
pentaerythritol ester mixed-acid (ISO 100) None/60°C 
pentaerythritol ester branched-acid (ISO 100) None/50°C 
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with R-125. The modified polyglycol (ISO 32) has a lower critical solution temperature of 
0°C and an upper critical solution temperature of 30°C. The polypropylene glycol butyl 
monoether (ISO 32), the polypropylene glycol butyl monoether (ISO 58), the polypropylene 
glycol diol (ISO 100), the pentaerythritol ester mixed acid (ISO 100), and the pentaerythritol 
ester branch acid (ISO 100) have upper critical solution temperatures of 50°C, 40°C, 40°C, 
60°C, and 50°C, respectively. 
R-134 Miscibility Data 
R-134 was found to be completely miscible over the temperature range -50°C to 60°C 
(-58°F to 140°F) with the following lubricants: 
• polypropylene glycol diol (ISO 32) 
• pentaerythritol ester mixed-acid (ISO 22) 
• pentaerythritol ester mixed-acid (ISO 32) 
• pentaerythritol ester branched-acid (ISO 32) 
• polypropylene glycol butyl monoether (ISO 58) 
polypropylene glycol diol (ISO 100) 
• pentaerythritol ester mixed-acid (ISO 100) 
• pentaerythritol ester branched-acid (ISO 100) 
The rest of the lubricants tested exhibited some partial miscibility. A summary of the 
miscibility characteristics of these lubricants follows. Additionally, plots of the miscibility 
characteristics of these lubricants and R-134 are presented. 
Naphthenic Mineral Oil (ISO 32) All eight concentrations were immiscible throughout 
the test temperature range. Figure 6.24 shows a miscibility plot for R-134 and the ISO 32 
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Alkvlbenzene (ISO 32) The 11% refrigerant mixture was immiscible below -9.3°C. 
The seven other concentrations were immiscible throughout the test temperature range. Figure 
6.25 shows a miscibility plot for R-I34 and the ISO 32 alkylbenzene. 
Polypropylene Glycol Butvl Monoether (ISO 32) The 12%, 20%, 32%, 50%, 67%, and 
78% refrigerant mixtures were miscible throughout the test temperature range. The 88% and 
96% refrigerant mixtures were hazy at temperatures below -39.9°C and -20.8°C, respectively. 
Figure 6.26 shows a miscibility plot for R-134 and the ISO 32 polypropylene glycol butyl 
monoether. 
Modified Polyglvcol (ISO 321 The 9%, 89%, and 95% refrigerant mixtures were 
miscible throughout the test temperature range. The 23%, 37%, 48%, 64%, and 79% 
refrigerant mixtures became hazy at temperatures below -20.3°C, -20.3°C, -0.4°C, -19.6°C, and 
-39.8°C, respectively. Figure 6.27 shows a miscibility plot for R-134 and the ISO 32 modified 
poly glycol. 
Naohthenic Mineral Oil (ISO 68) The 7% refrigerant mixture was immiscible below 
10.4°C. The seven other concentrations were immiscible throughout the test temperature 
range. Figure 6.28 shows a miscibility plot for R-134 and the ISO 68 naphthenic mineral oil. 
Alkvlbenzene (ISO 68) The 9% refrigerant mixture was immiscible below -19.8°C. 
The seven other concentrations were immiscible throughout the test temperature range. Figure 
6.28 shows a miscibility plot for R-134 and the ISO 68 alkylbenzene. 
Table 6.3 provides a summary of the test data for each lubricant and R-134 pair. All of 
the lubricants are completely miscible with R-134 except for the naphthenic mineral oils (ISO 
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116 
60 













R-134/ISO 68 naphthenic mineral oil 













0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 





















0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 
Mass Fraction Refrigerant 
Figure 6.29 Miscibiiity plot for R-134/ISO 68 alkylbenzene mixtures 
118 
Table 6.3 Critical solution temperatures for R-134 and 14 lubricants 
R-134 
Lubricant Critical Solution Temperature 
(Lower/Upper) 
naphthenic mineral oil (ISO 32) Immiscible (-50°C to 60°C) 
alkylbenzene (ISO 32) Immiscible (-50°C to 60°C) 
polypropylene glycol butyl monoether (IS032) -20°C/None 
polypropylene glycol diol (ISO 32) Miscible (-50°C to 60°C) 
modified polyglycol (ISO 32) 0°C/None 
pentaerythritol ester mixed-acid (ISO 22) Miscible (-50°C to 60°C) 
pentaerythritol ester mixed-acid (ISO 32) Miscible (-50°C to 60°C) 
pentaerythritol ester branched-acid (IS032) Miscible (-50°C to 60°C) 
naphthenic mineral oil (ISO 68) Immiscible (-50°C to 60°C) 
alkylbenzene (ISO 68) Immiscible (-50°C to 60°C) 
polypropylene glycol butyl monoether (IS058) Miscible (-50°C to 60°C) 
polypropylene glycol diol (ISO 100) Miscible (-50°C to 60°C) 
pentaerythritol ester mixed-acid (ISO 100) Miscible (-50°C to 60°C) 
pentaerythritol ester branched-acid (ISO 100) Miscible (-50°C to 60°C) 
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monoether (ISO 32), and the modified polyglycol (ISO 32), which are all partially miscible 
with R-134. The polypropylene glycol butyl monoether (ISO 32) and the modified polyglycol 
(ISO 32) have a lower critical solution temperatures of -20°C and 0°C, respectively. 
R-134a Miscibility Data 
R-134a was found to be completely miscible over the temperature range -50°C to 90°C 
(-58°F to 194°F) with the following lubricants: 
• polypropylene glycol diol (ISO 32) 
• pentaerythritol ester mixed-acid (ISO 32) 
• pentaerythritol ester branched-acid (ISO 32) 
The rest of the lubricants tested exhibited some partial miscibility. A summary of the 
miscibility characteristics of these lubricants follows. Additionally, plots of the miscibility 
characteristics of these lubricants and R-134a are presented. 
Naphthenic Mineral Oil (ISO 32^ The 10% and 21% refrigerant mixtures were 
immiscible below 19.9°C, and 79.9°C, respectively. The six other concentrations were 
immiscible throughout the test temperature range. Figure 6.30 shows a miscibility plot for R-
134a and the ISO 32 n^hthenic mineral oil. 
Alkvlbenzene (ISO 32) The 13% and 18% refrigerant mixtures were immiscible below 
-0.2°C, and 30.1°C, respectively. The six other concentrations were immiscible throughout the 
test temperature range. Figure 6.31 shows a miscibility plot for R-134a and the ISO 32 
alkylbenzene. 
Polypropylene Glycol Butvl Monoether (ISO 32) The 9%, 21%, 37%, 51% and 62% 
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95% refrigerant mixtures became immiscible at temperatures above 70.1°C, 60.0°C, and 
80.0°C, respectively. Figure 6.32 shows a miscibility plot for R-134a and the ISO 32 
polypropylene glycol butyl monoether. 
Modified Polvglvcol CISO 32) The 10%, 63%, 81%, 90%, and 95% refrigerant mixtures 
were miscible throughout the test temperature range. The 22%, 37%, and 52% refrigerant 
mixtures became hazy at temperatures below -19.5°C, 0.5°C, and 0.1°C, respectively. Figure 
6.33 shows a miscibility plot for R-I34a and the ISO 32 modified poly glycol. 
Pentaervthritol Ester Mixed-Acid (ISO 22) The 12%, 20%, 36%, 51%, and 95% 
refrigerant mixtures were miscible throughout the test temperature range. The 69%, 78%, and 
91% refrigerant mixtures became immiscible at temperatures below -49.5°C. Figure 6.34 
shows a miscibility plot for R-134a and the ISO 22 pentaeiythritol ester mixed-acid. 
Naphthenic Mineral Oil (ISO 68) The 10% refrigerant mixture was immiscible below 
11.1°C. The seven other concentrations were immiscible throughout the test temperature 
range. Figure 6.35 shows a miscibility plot for R-134a and the ISO 68 naphthenic mineral oil. 
Alkvlbenzene (ISO 68) The 11% and 21% refrigerant mixtures were immiscible below 
-10.2°C, and 60.2°C, respectively. The six other concentrations were immiscible throughout 
the test temperature range. Figure 6.36 shows a miscibility plot for R-134a and the ISO 68 
alkylbenzene. 
Polypropylene Glycol Butvl Monoether (ISO 58) The 12%, 17%, 32%, and 50% 
refrigerant mixtures were miscible throughout the test temperature range. The 64%, 79%, 
90%, and 95% refrigerant mixtures became immiscible at temperatures above 70.1°C, 49.9°C, 
49.9°C, and 59.9°C, respectively. Figure 6.37 shows a miscibility plot for R-134a and the ISO 
58 polypropylene glycol butyl monoether. 
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Polypropylene Glycol Diol (ISO 100) The 9%, 20%, 37%, and 52% refrigerant 
mixtures were miscible throughout the test temperature range. The 66%, 77%, 90%, and 94% 
refrigerant mixtures became immiscible at temperatures above 60.4°C, 60.4°C, 60.4°C, and 
69.5°C, respectively. Figure 6.38 shows a miscibility plot for R-134a and the ISO 100 
polypropylene glycol diol. 
Pentaerythritol Ester Mixed-Acid (ISO 100) The 12%, 18%, 36%, and 52% refrigerant 
mixtures were miscible throughout the test temperature range. The 64%, 81%, 89%, and 95% 
refrigerant mixtures became immiscible at temperatures below -39.6°C, -39.6°C, -30.0°C, and 
-9.7°C, respectively. Figure 6.39 shows a miscibility plot for R-134a and the ISO 100 
pentaerythritol ester mixed-acid. 
Pentaerythritol Ester Branched-Acid CISO 100) The 10%, 18%, 34%, 51% and 64% 
refrigerant mixtures were miscible throughout the test temperature range. The 79%, 90%, and 
95% refrigerant mixtures became immiscible at temperatures above 80.2°C, 60.4°C, and 
60.4°C, respectively. Figure 6.40 shows a miscibility plot for R-134a and the ISO 100 
pentaerythritol ester branched-acid. 
Table 6.4 provides a summary of the test data for each lubricant and R-134a pair. The 
polypropylene glycol diol (ISO 32), pentaerythritol ester mixed-acid (ISO 22), pentaeiythritol 
ester mixed-acid (ISO 32), and the pentaerythritol ester branched-acid (ISO 32) lubricants are 
completely miscible with R-134a. The rest of the lubricants are either partially miscible with 
R-134a. The Polypropylene glycol butyl monoether (ISO 32), polypropylene glycol butyl 
monoether (ISO 58), polypropylene glycol diol (ISO 100), pentaerythritol ester branched acid 

















R-134a/ISO 100 polypropylene 
glycol diol 
-50 ' ' ' ' ' I ' ' ' ' ' ' ' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' ' I 1  > I  I  I t  »  »  I "  
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
Mass Fraction Réfrigérant 



















immiscible -40 -40 
-50 -58 
0.1 0.0 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
Mass Fraction Refrigerant 










R-134a/ISO 100 penta erythritol 











0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
Mass Fraction Refrigerant 
Figure 6.40 Miscibility plot for R-134a/ISO 100 pentaerythritol ester branched-acid 
mixtures 
133 
Table 6.4 Critical solution temperatures for R-134a and 14 lubricants 
R-134a 
Lubricant Critical Solution Temperature 
(Lower/Upper) 
naphthenic mineral oil (ISO 32) Immiscible (-50°C to 60°C) 
alkylbenzene (ISO 32) Immiscible (-50°C to 60°C) 
polypropylene glycol butyl monoether (IS032) None/60°C 
polypropylene glycol diol (ISO 32) Miscible (-50°C to 60°C) 
modified polyglycol (ISO 32) 0°C/None 
pentaerythritol ester mixed-acid (ISO 22) -50°C/None 
pentaerythritol ester mixed-acid (ISO 32) Miscible (-50°C to 60°C) 
pentaeiythritol ester branched-acid (IS032) Miscible (-50°C to 60°C) 
n^hthenic mineral oil (ISO 68) Immiscible (-50°C to 60°C) 
alkylbenzene (ISO 68) Immiscible (-50°C to 60°C) 
polypropylene glycol butyl monoether (IS058) None/50°C 
polypropylene glycol diol (ISO 100) None/60°C 
pentaeiythritol ester mixed-acid (ISO 100) -10°C/None 
pentaerythritol ester branched-acid (ISO 100) None/60°C 
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The modified polyglycol (ISO 32), pentaerythritol ester mixed acid (ISO 32), and 
pentaerythritol ester mixed acid (ISO 100) lubricants have lower critical solution temperatures 
of 0°C, -50°C, and -10°C, respectively. 
R-143a Miscibility Data 
R-143a was found to be completely immiscible over the temperature range -50°C to 60°C 
(-58°F to 140°F) with all of the lubricants. The rest of the lubricants tested exhibited some 
partial miscibility. A summary of the miscibility characteristics of these lubricants follows. 
Additionally, plots of the miscibility characteristics of these lubricants and R-143a are 
presented. 
Naphthenic Mineral Oil (ISO 32) The 14% and 16% refrigerant mixtures were 
immiscible below 40.2°C, and 10.8°C, respectively. The six other concentrations were 
immiscible throughout the test temperature range. Figure 6.41 shows a miscibility plot for R-
143a and the ISO 32 naphthenic mineral oil. 
Alkvlbenzene (ISO 32) The 14% and 17% refrigerant mixtures were immiscible below 
-0.2°C, and 40.1°C, respectively. The six other concentrations were immiscible throughout the 
test temperature range. Figure 6.42 shows a miscibility plot for R-143a and the ISO 32 
alkylbenzene. 
Polypropylene Glycol Butvl Monoether (ISO 321 The 13% and 23% refrigerant 
mixtures were miscible throughout the test temperature range. The 34% refrigerant mixture 
became immiscible at temperatures below -9.7°C. The five other concentrations were 
immiscible throughout the test temperature range. Figure 6.43 shows a miscibility plot for R-
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Polypropylene Glycol Diol TISO 32) The 13% and 23% refrigerant mixtures were 
miscible throughout the test temperature range. The 34% refrigerant mixture became 
immiscible at temperatures below -0.2°C. The five other concentrations were immiscible 
throughout the test temperature range. Figure 6.44 shows a miscibility plot for R-143a and the 
ISO 32 polypropylene glycol diol. 
Modified Polyglycol (ISO 32") The 13%, 23%, and 37% refrigerant mixtures became 
hazy at temperatures below -39.6°C, -49.9°C, and -40.2°C, respectively. The five other 
concentrations were immiscible throughout the test temperature range. Figure 6.45 shows a 
miscibility plot for R-143a and the ISO 32 modified polyglycol. 
Pentaervthritol Ester Mixed-Acid (ISO 22) The 8% and 20% refrigerant mixtures were 
miscible throughout the test temperature range. The 38% refiigerant mixture became 
immiscible at temperatures below -9.9°C. The five other concentrations were immiscible 
throughout the test temperature range. Figure 6.46 shows a miscibility plot for R-143a and the 
ISO 22 pentaerythritol ester mixed-acid. 
Pentaervthritol Ester Mixed-Acid (ISO 321 The 14%, 22%, and 33% refrigerant 
mixtures were miscible throughout the test temperature range. The 95% refiigerant mixture 
became immiscible at temperatures above 40.1°C, and below -40.3°C. The four other 
concentrations were immiscible throughout the test temperature range. Figure 6.47 shows a 
miscibility plot for R-143a and the ISO 32 pentaerythritol ester mixed-acid. 
Pentaervthritol Ester Branched-Acid (ISO 32) The 13%, 22%, and 34% refrigerant 
mixtures were miscible throughout the test temperature range. The 51% refrigerant mixture 
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mixture became immiscible at temperatures above 49.6°C, and below -48.6°C. The three 
other concentrations were immiscible throughout the test temperature range. Figure 6.48 
shows a miscibility plot for R-143a and the ISO 32 pentaerythritol ester branched-acid. 
Naphthenic Mineral Oil (ISO 68) The 6% refrigerant mixture was immiscible 
below -30.0°C. The seven other concentrations were immiscible throughout the test 
temperature range. Figure 6.49 shows a miscibility plot for R-143a and the ISO 68 
naphthenic mineral oil. 
Alkvlbenzene CISO 68) The 12% and 22% refrigerant mixtures were immiscible 
below -30.0°C, and 39.5°C, respectively. The six other concentrations were immiscible 
throughout the test temperature range. Figure 6.50 shows a miscibility plot for R-143a 
and the ISO 68 alkylbenzene. 
Polypropylene Glycol Butyl Monoether (ISO 58) The 11% and 23% refrigerant 
mixtures were miscible throughout the test temperature range. The six other 
concentrations were immiscible throughout the test temperature range. Figure 6.51 shows 
a miscibility plot for R-143a and the ISO 58 polypropylene glycol butyl monoether. 
Polypropylene Glycol Diol (ISO 100) The 13%, 21%, and 35% refrigerant mixtures 
were miscible throughout the test temperature range. The 50% refrigerant mixture became 
immiscible at temperatures above 29.9°C, and below 0.2°C. The four other concentrations 
were immiscible throughout the test temperature range. Figure 6.52 shows a miscibility 
plot for R-143a and the ISO 100 polypropylene glycol diol. 
Pentaerythritol Ester Mixed-Acid (ISO 100) The 11% and 20% refrigerant mixtures 
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mixture became immiscible at temperatures below -10.1°C. The five other concentrations 
were immiscible throughout the test temperature range. Figure 6.53 shows a miscibility 
plot for R-143a and the ISO 100 pentaerythritol ester mixed-acid. 
Pentaervthritol Ester Branched-Acid (ISO lOO't The 7% and 18% refrigerant 
mixtures were miscible throughout the test temperature range. The 34% refrigerant 
mixture became immiscible at temperatures below 40.3°C. The five other concentrations 
were immiscible throughout the test temperature range. Figure 6.54 shows a miscibility 
plot for R-143a and the ISO 100 pentaerythritol ester branched-acid. 
Table 6.5 provides a summary of the test data for each lubricant and R-143a pair. All 
of the lubricants are partially miscible with R-143a. For each lubricant and R-143a pair, 
at least one concentration remained immiscible over the entire test temperature range. 
Therefore, in this case, critical solution temperatures are not defined. 
R-152a Miscibility Data 
R-152a was found to be completely miscible over the temperature range -50°C to 90°C 
(-58°F to 194°F) with the following lubricants: 
• polypropylene glycol butyl monoether (ISO 32) 
• polypropylene glycol diol (ISO 32) 
modified polyglycol (ISO 32) 
• pentaerythritol ester mixed-acid (ISO 22) 
• pentaerythritol ester mixed-acid (ISO 32) 
• pentaerythritol ester branched-acid (ISO 32) 
• pentaerythritol ester mixed-acid (ISO 100) 
The rest of the lubricants tested exhibited some partial miscibility. A summary of the 
miscibility characteristics of these lubricants follows. Additionally, plots of the miscibility 
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Table 6.5 Critical solution temperatures for R-143a and 14 lubricants 
R-143a 
Lubricant Critical Solution Temperature 
(Lower/Upper) 
naphthenic mineral oil (ISO 32) Immiscible (-50°C to 60°C) 
alkylbenzene (ISO 32) Immiscible (-50°C to 60°C) 
polypropylene glycol butyl monoether (IS032) Immiscible (-50°C to 60°C) 
polypropylene glycol diol (ISO 32) Immiscible (-50°C to 60°C) 
modified polyglycol (ISO 32) Immiscible (-50°C to 60°C) 
pentaerythritol ester mixed-acid (ISO 22) Immiscible (-50°C to 60°C) 
pentaerythritol ester mixed-acid (ISO 32) Immiscible (-50°C to 60°C) 
pentaerythritol ester branched-acid (IS032) Immiscible (-50°C to 60°C) 
naphthenic mineral oil (ISO 68) Immiscible (-50°C to 60°C) 
alkylbenzene (ISO 68) Immiscible (-50°C to 60°C) 
polypropylene glycol butyl monoether(IS058) Immiscible (-50°C to 60°C) 
polypropylene glycol diol (ISO 100) Immiscible (-50°C to 60°C) 
pentaerythritol ester mixed-acid (ISO 100) Immiscible (-50°C to 60°C) 
pentaerythritol ester branched-acid (ISO 100) Immiscible (-50°C to 60°C) 
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Naphthenic Mineral Oil (ISO 32^ The 13%, 22%, and 95% refrigerant mixtures 
became immiscible at temperatures below 10.3°C, 50.2°C, and 50.0°C, respectively. The 
five other concentrations were immiscible throughout the test temperature range. Figure 
6.55 shows a miscibility plot for R-152a and the ISO 32 naphthenic mineral oil. 
Alkvlbenzene riSO 32)  The 12%, 21%, 33%, 47%, 66%, 79%, 90%, and 96% 
refrigerant mixtures were immiscible at temperatures below -40.2°C, -10.1°C, 10.0°C, 
40.5°C, 50.3°C, 50.3°C, 30.4°C, and -9.7°C, respectively. Figure 6.56 shows a miscibility 
plot for R-152a and the ISO 32 alkylbenzene. 
Naphthenic Mineral Oil (ISO 68") The 13% and 16% refrigerant mixtures became 
immiscible at temperatures below 19.8°C and 30.1°C, respectively. The six other 
concentrations were immiscible throughout the test temperature range. Figure 6.57 shows 
a miscibility plot for R-152a and the ISO 68 naphthenic mineral oil. 
Alkvlbenzene (ISO 68) The 8% refrigerant mixture was miscible throughout the 
test temperature range. The 20%, 37%, 51%, 63%, 80%, 90%, and 94% refrigerant 
mixtures were immiscible at temperatures below -10.2°C, 30.1°C, 49.9°C, 49.7°C, 49.7°C, 
30.0°C, and 10.4°C, respectively. Figure 6.58 shows a miscibility plot for R-152a and the 
ISO 68 alkylbenzene. 
Polypropylene Glvcol Butvl Monoether (ISO 58) The 10%, 16%, 36%, 49%, 65%, 
and 95% refrigerant mixtures were miscible throughout the test temperature range. The 
80% and 90% refrigerant mixtures became immiscible at temperatures above 80.2°C and 
90.0°C, respectively. Figure 6.59 shows a miscibility plot for R-152a and the ISO 58 
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Polypropylene Glycol Diol (ISO lOOt The 13%, 22%, 37%, 51%, 66%, and 94% 
refrigerant mixtures were miscible throughout the test temperature range. The 81% and 
90% refrigerant mixtures became immiscible at temperatures above 69.7°C and 88.9°C, 
respectively. Figure 6.60 shows a miscibility plot for R-152a and the ISO 100 
polypropylene glycol diol. 
Pentaerythritol Ester Branched-Acid (ISO 100) The 10%, 22%, 37%, 52%, 65%, 
and 79% refrigerant mixtures were miscible throughout the test temperature range. The 
90% and 95% refrigerant mixtures became immiscible at temperatures above 88.9°C. 
Figure 6.61 shows a miscibility plot for R-152a and the ISO 100 pentaerythritol ester 
branched-acid. 
Table 6.6 provides a summary of the test data for each lubricant and R-I52a pair. The 
polypropylene glycol butyl mono ether (ISO 32), polypropylene glycol diol (ISO 32), 
modified polyglycol (ISO 32), pentaerythritol ester mixed-acid (ISO 22), pentaerythritol 
ester mixed-acid (ISO 32), and the pentaerythritol ester branched-acid (ISO 32) lubricants 
are completely miscible wdth R-152a. The rest of the lubricants are partially miscible with 
R-152a. The alkylbenzene lubricants (ISO 32 and 68) each have a lower critical solution 
temperature of 50°C. The polypropylene glycol butyl monoether (ISO 58), polypropylene 
glycol diol (ISO 100), and pentaerythritol ester branched acid (ISO 100) lubricants have 
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Table 6.6 Critical solution temperatures for R-152a and 14 lubricants 
R-152a 
Lubricant Critical Solution Temperature 
(Lower/Upper) 
naphthenic mineral oil (ISO 32) Immiscible (-50°C to 90°C) 
alkylbenzene (ISO 32) 50°C/None 
polypropylene glycol butyl monoether (IS032) Miscible (-50°C to 90°C) 
polypropylene glycol diol (ISO 32) Miscible (-50°C to 90°C) 
modified polyglycol (ISO 32) Miscible (-50°C to 90°C) 
pentaerythritol ester mixed-acid (ISO 22) Miscible (-50°C to 90°C) 
pentaerythritol ester mixed-acid (ISO 32) Miscible (-50°C to 90°C) 
pentaerythritol ester branched-acid (IS032) Miscible (-50°C to 90°C) 
naphthenic mineral oil (ISO 68) Immiscible (-50°C to 90°C) 
alkylbenzene (ISO 68) 50°C/None 
polypropylene glycol butyl monoether (IS058) None/80°C 
polypropylene glycol diol (ISO 100) None/70°C 
pentaerythritol ester mixed-acid (ISO 100) Miscible (-50°C to 90°C) 
pentaerythritol ester branched-acid (ISO 100) None/90°C 
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Summary 
Data have been collected for solutions of six HFC refrigerants each with fourteen 
lubricants. The testing provides miscibility data over a temperature range of -50°C to 
90°C (-58°F to 194°F), for a concentration range of 10 to 95% refrigerant, and for 
pressures up to 3.5 MPa (500 psia). The results are presented as miscibility plots and as 
tables showing critical solution temperatures. 
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CHAPTER?; CONCLUSIONS 
A refrigerant/lubricant miscibility test facility has been described, a methodology has 
been developed to provide critically needed miscibility data, and data have been obtained 
for a variety of refrigerants and lubricants. The test facility and methodology represent a 
new and original method for obtaining miscibility data. 
The facility incorporates commercially available sight windows that, when valves are 
screwed into opposing parts, serve as pressure vessels. The cells can be charged with 
variable amounts of refrigerant and lubricant to facilitate refrigerant compositions from 0 
to 100%. Operating temperatures and pressure ranges for the facility are -50°C to 90°C 
(-58°F to 194°F), and 0 to 3.5 MPa (0 to 500 psia), respectively. Experimental procedures 
for the operation of the test facility have been described. Data presented show that the 
instrumentation and methodology is accurate. The facility has been successfully employed 
to obtain experimental results for R-22, R-32, R-123, R-124, R-125, R-134, R-134a, R-
142b, R-143a, and R-152a. Each refrigerant was tested with each of fourteen lubricants. 
Data for the HCFC refrigerants (R-22, R-123, R-124, and R-142b) and the HFC 
refrigerants (R-32, R-125, R-134, R-134a, R-143b, and R-152a) in each of the test 
lubricants have been collected. These tests provide miscibility information over the 
temperature and pressure ranges given above. The results are summarized and presented 
as miscibility plots showing regions of miscibility and immiscibility. The results are also 
presented as critical solution temperatures. 
In addition to obtaining miscibility data directly by experiment, a theoretical method 
for obtaining miscibility data based on the conditions for thermodynamic equilibrium was 
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discussed. However, this method requires knowledge of the excess Gibbs energy for the 
particular refrigerant/lubricant mixture of interest, which is not easily determined. Thus, 
miscibility data are more convieniently obtained from direct experimental evaluation as 
was performed in this study. 
Reccommendations for Further Work 
In addition to miscibility data, solubility data are required by refrigeration system 
designers in order to properly design systems. Therefore, if a reliable expression for the 
excess Gibbs energy, g^, that applies to refrigerant/lubricant mixture could be found from 
experimental solubility data, then regions of immiscibility could be determined without 
experiment (except for experiments required to obtain the solubility data). Thus, more 
information could be obtained from limited experimental work. Therefore, it is suggested 
that more research be conducted to find an accurate expression for the excess Gibbs 
energy for refrigerant/lubricant mixtures. 
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APPENDIX A - TABULATION OF EXPERIMENTAL DATA 
Tables A.l through A. 140 provide a summary of the test data for each lubricant and 
refrigerant pair. The test data includes the cell concentration, the equilibrium temperature, 
and the conditions of the mixture in the cell. A table is provided for each 
refrigerant/lubricant mixture. Each table provides the observations for the eight 
concentrations over the entire test temperature range. 
In the following tables, if the mixture was separated into two liquid phases, it is 
designated as "2 phase". If the mixtures exhibited no evidence of immiscibility 
whatsoever, then it is designated as "clear". If the mixture was slightly hazy, it is 
designated as "sit hazy". If the mixture was hazy, it is noted as "hazy". 





(mass fraction refrigerant) 
.12 .20 .36 .47 .68 .81 .90 .95 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear 2 phase clear clear 
-20 clear clear clear clear 2 phase 2 phase 2 phase clear 
-30 clear clear clear 2 phase 2 phase 2 phase 2 phase clear 
-40 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase clear 
-50 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase clear 
Temp. Set A B B D B B C A 





A XX XX XX 60.2 49.6 39.6 30.4 20.1 10.2 -0.3 -9.5 -19.6 -30.1 -40.1 -49.4 
B XX XX XX 59.9 50.2 39.7 30.1 19.8 9.6 -0.1 -9.7 -20.5 -30.1 -40.3 -49.0 
C XX XX XX 59.8 49.9 40.4 29.8 19.7 9.8 0.3 -9.7 -19.6 -30.2 -40.9 -49.8 
D XX XX XX 60.1 50.0 39.9 30.1 20.0 10.0 -0.1 -9.9 -20.1 -30.1 -40.0 -47.6 





(mass fraction refrigerant) 
.09 .22 .37 .51 .65 .80 .90 .95 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A B B A B B B A 
O 





A XX XX XX 60.2 49.6 39.6 30.4 20.1 10.2 -0.3 -9.5 -19.6 -30.1 -40.1 -49.4 
B XX XX XX 59.8 49.9 40.4 29.8 19.7 9.8 0.3 -9.7 -19.6 -30.2 -40.9 -49.8 
C 
D 





(mass fraction refrigerant) 
.11 .21 .33 .52 .68 .80 .91 .95 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A B B A B B B A 





A XX XX XX 60.4 50.3 40.3 30.3 20.2 10.3 0.3 -9.9 -20.0 -30.4 -40.3 -49.6 
B XX XX XX 59.9 50.2 39.7 30.1 19.8 9.6 -0.1 -9.7 -20.5 -30.1 -40.3 -49.0 
C 
D 





(mass fraction refrigerant) 
.09 .23 .36 .53 .66 .80 .90 .95 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A B B A B B B A 





A XX XX XX 60.4 50.3 40.3 30.3 20.2 10.3 0.3 -9.9 -20.0 -30.4 -40.2 -49.6 
B XX XX XX 60.2 49.6 40.4 29.9 20.0 9.8 0.1 -9.6 -20.4 -29,9 -40.2 -48.3 
C 
D 





(mass fraction refrigerant) 
.09 .23 .39 .50 .68 .81 .91 .95 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear very sit haze very sit haze clear clear clear clear clear 
-30 clear very sit haze very sit haze sit haze clear clear clear clear 
-40 clear very sit haze sit haze hazy clear clear clear clear 
-50 clear very sit haze hazy hazy clear clear clear clear 
Temp. Set C B B D B B B A 





A XX XX XX 59.9 50.2 39.5 29.8 19.6 10.4 0 -10.0 -19.8 -29.8 -39.6 -49.6 
B XX XX XX 59.8 49.9 40.4 29.8 19.7 9.8 0.3 -9.7 -19.6 -30.2 -40.9 -49.8 
C XX XX XX 60.1 50.0 39.9 30.1 20.0 10.0 -0.1 -9.9 -20.1 -30.1 -40.0 -47.6 
D XX XX XX 60.0 49.9 40.1 30.4 20.0 10.0 -0.2 -9.8 -20.3 -30.2 -39.8 -48.9 





(mass fraction refrigerant) 
.11 .20 .32 .49 .64 .76 .90 .94 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A B B A B B B A 





A XX XX XX 60.4 50.3 40.3 30.3 20.2 10.3 -0.3 -9.9 -20.2 -30.4 -40.3 -49.6 
B XX XX XX 60.2 49.6 40.4 29.9 20.0 9.8 0.1 -9.6 -20.4 -29.9 -40.2 -48.3 
C 
D 





(mass fraction refrigerant) 
.13 .24 .38 .48 .67 .82 .91 .95 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A B B A C C C A 





A XX XX XX 60.4 50.3 40.3 30.3 20.2 10.3 0.3 -9.9 -20.0 -30.4 -40.3 -49.6 
B XX XX XX 60.2 49.6 40.4 29.9 20.0 9.8 0.1 -9.6 -20.4 -29.9 -40.2 -48.3 
C XX XX XX 59.9 50.2 39.7 30.1 19.8 9.6 -0.1 -9.7 -20.5 -30.1 -40.3 -49.0 
D 





(mass fraction refrigerant) 
.12 .17 .38 .51 .66 .79 .90 .95 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A A A A A A A A 
ON 














(mass fraction refrigerant) 
.12 .22 .36 .51 .64 .80 .90 .95 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear hazy clear clear 
0 clear clear clear clear 2 phase 2 phase clear clear 
-10 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
-20 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
-30 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set A A A A A A A A 














(mass fraction refrigerant) 
.13 .22 .35 .48 .63 .79 .91 .95 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A A A C B B B B 





A XX XX XX 60.4 50.4 39.9 29.9 19.9 10.9 0.0 -10.5 -19.7 -29.9 40.3 48.2 
B XX XX XX 60.7 50.0 39.8 30.2 19.8 10.4 0.0 -9.9 -19.9 -29.7 -39.5 -48.5 
C XX XX XX 60.1 50.0 39.9 30.1 20.0 10.0 -0.1 -9.9 -20.1 -30.1 -40.0 -47.6 
D 





(mass fraction refrigerant) 
.14 .24 .37 .48 .65 .60 .90 .95 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A A A A B B B B 





A XX XX XX 60.0 49.9 39.9 30.0 20.1 10.3 -0.2 -10.3 -20.0 -30.0 -40.2 -48.6 
B XX XX XX 60.0 49.9 40.1 30.2 20.1 10.2 0.4 -9.8 -19.7 -29.6 -40.0 -47.0 
C 
D 





(mass fraction refrigerant) 
.13 .23 .38 .50 .61 .80 .90 .94 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear. clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A A A A B B B B 
00 O 





A XX XX XX 60.0 50.0 39.9 29.9 19.8 10.0 -0.4 -10.3 -20.0 -29.9 -40.0 -47.6 
B XX XX XX 60.0 50.1 40.0 30.1 20.0 10.0 -0.5 -10.3 -20.3 -30.0 -40.4 -48.1 
C 
D 





(mass fraction refrigerant) 
.12 .21 .37 .52 .65 .78 .90 .95 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear • clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A A A A A A A A 














(mass fraction refrigerant) 
.13 .20 .37 .50 .66 .78 .90 .95 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A A A A A A A A 
00 N> 














(mass fraction refrigerant) 
.09 .20 .34 .53 .65 .79 .89 .94 
60 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
50 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
40 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
30 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
20 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
10 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
0 hazy 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-10 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-20 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-30 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set A C C B C C C B 
00 U) 





A XX XX XX 60.1 50.3 40.5 30.3 20.5 10.0 -0.2 -10.3 -20.3 -29.8 -40.1 -46.0 
B XX XX XX 57.0 50.0 40.2 29.7 19.8 11.0 -0.2 -9.8 -19.6 -30.3 -40.4 -48.0 
C XX XX XX 60.0 49.7 40.1 30.4 20.5 9.7 0.2 -9.8 -19.9 -30.2 -40.3 -48.9 
D 





(mass fraction refrigerant) 
.13 .21 .35 .49 .64 .60 .89 .94 
60 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
50 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
40 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
30 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
20 hazy 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
10 hazy 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
0 hazy 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-10 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-20 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-30 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set A C C B C C C B 





A XX XX XX 60.1 50.3 40.5 30.3 20.5 10.0 -0.2 -10.3 -20.3 -29.8 -40.1 -46.0 
B XX XX XX 57.0 50.0 40.2 29.7 19.8 11.0 -0.2 -9.8 -19.6 -30.3 -40.4 -48.0 
C XX XX XX 60.0 49.7 40.1 30.4 20.5 9.7 0.2 -9.8 -19.9 -30.2 -40.3 -48.9 
D 





(mass fraction refrigerant) 
.14 .20 .34 .53 .63 .80 .89 .94 
60 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
50 clear clear clear clear 2 phase 2 phase 2 phase 2 phase 
40 clear clear clear clear 2 phase 2 phase 2 phase 2 phase 
30 clear clear clear clear 2 phase 2 phase 2 phase clear 
20 clear clear clear clear clear 2 phase 2 phase clear 
10 clear clear clear clear clear 2 phase 2 phase clear 
0 clear clear clear clear 2 phase 2 phase 2 phase clear 
-10 clear clear clear clear 2 phase 2 phase 2 phase clear 
-20 clear clear clear clear 2 phase 2 phase 2 phase 2 phase 
-30 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set A B B A B B B A 





A XX XX XX 55.4 49.9 38.7 30.2 20.3 11.3 0.3 -9.6 -19.6 -30.4 -40.4 -48.3 
B XX XX XX 60.4 50.0 40.2 30.0 20.4 10.0 -0.1 -10.0 -19.6 -29.7 -40.1 -48.0 
C 
D 





(mass fraction refrigerant) 
.14 .21 .35 .50 .63 .78 .90 .95 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A C C A C C C B 





A XX XX XX 60.1 50.3 40.5 30.3 20.5 10.0 -0.2 -10.3 -20.3 -29.8 -40.1 -46.0 
B XX XX XX 55.4 49.9 38.7 30.2 20.3 11.3 -0.3 -9.6 -19.6 -30.4 -40.4 -48.3 
C XX XX XX 60.3 49.9 40.1 30.3 20.5 9.9 -0.3 -10.5 -19.7 -30.0 -40.1 -49.3 
D 





(mass fraction refrigerant) 
.12 .21 .34 .48 .65 .80 .90 .94 
60 clear clear clear clear 2 phase 2 phase 2 phase clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear sit haze clear clear clear clear 
0 clear clear sit haze sit haze sit haze clear clear clear 
-10 clear clear sit haze sit haze hazy clear clear clear 
-20 clear clear sit haze sit haze hazy clear clear clear 
-30 clear clear hazy hazy hazy clear clear clear 
-40 clear hazy hazy hazy hazy clear clear clear 
-50 clear hazy hazy hazy hazy clear clear clear 
Temp. Set A B B A B B B A 
00 





A XX XX XX 59.9 50.2 39.5 29.8 19.6 10.4 -0.3 -10.0 -19.8 -29.8 -39.6 -49.6 
B XX XX XX 60.4 50.0 40.2 30.0 20.4 10.0 -0.1 -10.0 -19.6 -29.7 -40.1 -48.0 
C 
D 





(mass fraction refrigerant) 
.14 .20 .35 .49 .65 .79 .90 .95 
60 clear clear clear clear 2 phase 2 phase clear clear 
50 clear clear clear clear 2 phase 2 phase clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear 2 phase 2 phase clear clear 
-10 clear clear clear clear 2 phase 2 phase 2 phase clear 
-20 clear clear clear 2 phase 2 phase 2 phase 2 phase clear 
-30 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set A B B A B B B A 
00 
00 





A XX XX XX 55.4 49.9 38.7 30.2 20.3 11.3 -0.3 -9.6 -19.6 -30.4 -40.4 -48.3 
B XX XX XX 60.3 49.9 40.1 30.3 20.5 9.9 -0.3 -10.5 -19.7 -30.0 -40.1 -49.3 
C 
D 





(mass fraction refrigerant) 
.11 .21 .34 .48 .61 .79 .90 .94 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear hazy sit haze sit haze 
-30 clear clear clear clear 2 phase hazy 2 phase hazy 
-40 clear clear clear hazy 2 phase hazy 2 phase 2 phase 
-50 clear clear clear 2 phase 2 phase hazy 2 phase 2 phase 
Temp. Set A D D A C C D B 





A XX XX XX 60.1 50.3 40.5 30.3 20.5 10.0 -0.2 -10.3 -20.3 -29.8 -40.1 -46.0 
B XX XX XX 55.4 49.9 38.7 30.2 20.3 11.3 -0.3 -9.6 -19.6 -30.4 -40.4 -48.3 
C XX XX XX 60.4 50.0 40.2 30.0 20.4 10.0 -0.1 -10.0 -19.6 -29.7 -40.1 -48.0 
D XX XX XX 60.0 49.7 40.1 30.4 20.5 9.7 0.2 -9.8 -19.9 -30.2 -40.3 -48.9 





(mass fraction refrigerant) 
.12 .20 .36 .51 .65 .79 .90 .94 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear hazy hazy clear clear 
-30 clear clear clear 2 phase 2 phase 2 phase hazy clear 
-40 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set A A A A A A A A 
o 














(mass fraction refrigerant) 
.10 .20 .36 .48 .64 .79 .89 .95 
60 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
50 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
40 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
30 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
20 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
10 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
0 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-10 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-20 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-30 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set A A A A A A A A 














(mass fraction refrigerant) 
.12 .22 .33 .48 .65 .80 .89 .95 
60 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
50 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
40 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
30 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
20 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
10 hazy 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
0 hazy 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-10 hazy 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-20 hazy 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-30 hazy 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 hazy 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 hazy 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set B B 8 B A A A A 





A XX XX XX 60.3 49.8 40.2 29.8 20.1 9.9 -0.4 -9.5 -19.9 -30.0 -40.5 -48.5 
B XX XX XX 60.1 50.0 39.8 30.0 19.8 9.7 -0.4 -9.9 -19.6 -29.9 -40.0 -48.1 
C 
D 





(mass fraction refrigerant) 
.12 .21 .32 .47 .64 .80 .89 .94 
60 clear clear clear clear 2 phase 2 phase 2 phase 2 phase 
50 clear clear clear clear 2 phase 2 phase 2 phase 2 phase 
40 clear clear clear clear 2 phase 2 phase 2 phase 2 phase 
30 clear clear clear clear 2 phase 2 phase 2 phase 2 phase 
20 clear clear clear clear 2 phase 2 phase 2 phase 2 phase 
10 clear clear clear clear 2 phase 2 phase 2 phase 2 phase 
0 clear clear clear clear 2 phase 2 phase 2 phase 2 phase 
-10 clear clear clear clear 2 phase 2 phase 2 phase 2 phase 
-20 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
-30 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set A A A B A A A A 





A XX XX XX 60.1 50.0 39.9 30.1 20.0 10.0 -0.1 -9.9 -20.1 -30.1 -40.0 -47.6 
B XX XX XX 60.0 49.9 40.2 30.0 20.3 10.0 -0.4 -9.6 -19.8 -29.6 -40.2 -49.3 
C 
D 





(mass fraction refrigerant) 
.12 .21 .36 .49 .64 .78 .90 .94 
60 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
50 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
40 clear clear clear clear 2 phase 2 phase 2 phase 2 phase 
30 clear clear clear clear 2 phase 2 phase 2 phase 2 phase 
20 clear clear clear clear 2 phase 2 phase 2 phase 2 phase 
10 clear clear clear clear 2 phase 2 phase 2 phase 2 phase 
0 clear clear clear clear 2 phase 2 phase 2 phase 2 phase 
-10 clear clear clear clear 2 phase 2 phase 2 phase 2 phase 
-20 clear clear clear clear 2 phase 2 phase 2 phase 2 phase 
-30 clear clear clear clear 2 phase 2 phase 2 phase 2 phase 
-40 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set A A A A B B B B 
vo 





A XX XX XX 60.0 49.8 39.9 30.2 20.3 10.4 0.0 -10.0 -20.1 -30.5 -40.3 -46.7 
B XX XX XX 60.4 50.0 40.3 30.2 20.4 9.9 -0.3 -10.0 -20.1 -30.1 -40.1 -47.5 
C 
D 





(mass fraction refrigerant) 
.12 .21 .35 .51 .65 .78 .89 .94 
60 clear clear clear clear 2 phase 2 phase 2 phase clear 
50 clear clear clear clear 2 phase 2 phase 2 phase clear 
40 clear clear clear clear 2 phase 2 phase 2 phase clear 
30 clear clear clear clear 2 phase 2 phase 2 phase clear 
20 clear clear clear clear 2 phase 2 phase 2 phase clear 
10 clear clear clear 2 phase 2 phase 2 phase 2 phase clear 
0 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
-10 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
-20 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
-30 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set A A A A A A A A 
LA 














(mass fraction refrigerant) 
.12 .21 .35 .51 .65 .80 .90 .95 
60 clear clear clear clear 2 phase 2 phase 2 phase 2 phase 
50 clear clear clear clear 2 phase 2 phase 2 phase 2 phase 
40 clear clear clear clear clear 2 phase 2 phase 2 phase 
30 clear clear clear clear clear 2 phase 2 phase 2 phase 
20 clear clear clear clear clear 2 phase 2 phase 2 phase 
10 clear clear clear clear clear 2 phase 2 phase 2 phase 
0 clear clear clear clear clear 2 phase 2 phase 2 phase 
-10 clear clear clear clear clear 2 phase 2 phase 2 phase 
-20 clear clear clear clear 2 phase 2 phase 2 phase 2 phase 
-30 clear clear clear clear 2 phase 2 phase 2 phase 2 phase 
-40 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set A A A A A A A A 














(mass fraction refrigerant) 
.09 .23 .34 .53 .62 .80 .90 .94 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A B B A D B C A 





A XX XX XX 60.2 49.6 39.6 30.4 20.1 10.2 -0.3 -9.5 -19.6 -30.1 -40.1 -49.4 
B XX XX XX 59.6 50.4 39.3 30.0 19.7 10.7 -0.4 -9.6 -19.5 -29.7 -40.2 -47.4 
C XX XX XX 59.5 49.7 40.1 30.0 19.9 10.6 0.1 -9.9 -19.7 -30.3 -39.9 -49.0 
D XX XX XX 60.3 49.6 40.4 30.2 19.9 10.1 -0.2 -9.9 -19.9 -29.8 -39.9 -47.4 





(mass fraction refrigerant) 
.09 .19 .31 .50 .64 .78 .90 .95 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A B B A B B B A 
VO 
00 





A XX XX XX 60.2 49.6 39.6 30.4 20.1 10.2 -0.3 -9.5 -19.6 -30.1 -40.1 -49.4 
B XX XX XX 59.9 49.7 40.1 30.0 19.9 10.6 0.5 -9.9 -19.7 -30.3 -39.9 -49.0 
C 
D 





(mass fraction refrigerant) 
.13 .21 .36 .48 .65 .80 .90 .95 
60 ciear clear clear clear clear clear clear clear 
50 ciear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A B B A B B B A 





A XX XX XX 60.8 50.7 40.7 30.2 19.9 10.1 -0.4 -9.6 -19.7 -30.5 -40.3 -49.0 
B XX XX XX 59.6 50.4 39.8 30.0 19.7 10.7 -0.4 -9.6 -19.5 -29.7 -40.2 -47.4 
C 
D 





(mass fraction refrigerant) 
.12 .17 .33 .50 .68 .76 .89 .95 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A B B A B B B A 
S) O 
o 





A XX XX XX 60.8 50.7 40.7 30.2 19.9 10.1 -0.4 -9.6 -19.7 -30.5 -40.3 -49.0 
B XX XX XX 60.0 50.3 39.8 30.2 20.5 11.4 0.5 -9.5 -19.6 -30.4 -40.2 -47.1 
C 
D 





(mass fraction refrigerant) 
.13 .22 .39 .49 .69 .81 .91 .95 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 





clear clear sit haze clear clear clear clear clear 
Temp. Set B C D C A A A C 





A XX XX XX 59.5 49.7 40.1 30.0 19.9 10.6 0.5 -9.9 -19.7 -30.3 -39.9 -49.0 
B XX XX XX 59.9 50.2 39.5 29.8 19.6 10.4 0.0 -10.0 -19.8 -29.8 -39.6 -49.6 
C XX XX XX 60.0 49.9 40.1 30.4 20.0 10.0 -0.2 -9.7 -20.3 -30.2 -39.8 -48.9 
D XX XX XX 60.3 49.6 40.4 30.2 19.9 10.1 -0.2 -9.9 -19.9 -29.8 -39.9 -47.4 





(mass fraction refrigerant) 
.13 .16 .38 .52 .67 .81 .89 .95 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A B B A B B B A 
to O 
to 





A XX XX XX 60.8 50.7 40.7 30.2 19.9 10.1 -0.4 -9.6 -19.7 -30.5 -40.3 -49.0 
B XX XX XX 60.0 50.3 39.8 30.2 20.5 11.4 0.5 -9.5 -19.6 -30.4 -40.2 -47.1 
C 
D 





(mass fraction refrigerant) 
.12 .18 .36 .51 .66 .81 .91 .94 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A B B A C C C A 





A XX XX XX 60.8 50.7 40.7 30.2 19.9 10.1 -0.4 -9.6 -19.7 -30.5 -40.3 -49.0 
B XX XX XX 60.0 50.3 39.8 30.2 20.5 11.4 0.5 -9.5 -19.6 -30.4 -40.2 -47.1 
C XX XX XX 59.6 50.4 39.8 30.0 19.7 10.7 -0.4 -9.6 -19.5 -29.7 -40.2 -47.4 
D 





(mass fraction refrigerant) 
.13 .23 .38 .47 .64 .79 .90 .95 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A A A A A A A A 
to 
2 














(mass fraction refrigerant) 
.11 .21 .38 .47 .63 .80 .89 .95 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear sit haze clear clear 
-50 clear clear clear hazy hazy 2 phase 2 phase clear 
Temp. Set A A A A A A A A 
K> O LA 














(mass fraction refrigerant) 
.07 .23 .37 .52 .65 .80 .89 .94 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set B B B C A A A A 





A XX XX XX 60.3 49.5 40.2 30.0 20.1 9.0 0.1 -10.2 -20.1 -29.9 -39.8 -49.2 
B XX XX XX 59.8 49.6 40.0 30.5 20.3 9.6 0.1 -10.3 -19.6 -29.7 -40.3 -47.7 
C XX XX XX 60.0 49.9 40.1 30.4 20.0 10.0 -0.2 -9.7 20.3 -30.2 -39.8 -48.9 
D 





(mass fraction refrigerant) 
.13 .21 .38 .48 .64 .78 .90 .95 
60 2 phase 2 phase clear clear clear clear clear clear 
50 2 phase 2 phase clear clear clear clear clear clear 
40 clear 2 phase clear clear clear clear clear clear 
30 clear 2 phase clear clear clear clear clear clear 
20 clear 2 phase clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A A A A A A A A 





A XX XX XX 60.0 49.9 39.9 30.0 20.1 10.3 -0.4 
CO o









(mass fraction refrigerant) 
.13 .22 .35 .51 .61 .79 .90 .95 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set B B B B A A A A 
K) O 
00 





A XX XX XX 60.1 50.0 40.0 30.0 20.0 10.0 -0.2 -10.1 -20.0 -30.0 -40.0 -47.7 
B XX XX XX 59.7 50.4 39.9 30.3 20.3 10.0 0.1 -10.0 -19.8 -29.7 -39.7 -48.4 
C 
D 





(mass fraction refrigerant) 
.10 .21 .34 .51 .64 .79 .88 .94 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A A A A A A A A 














(mass fraction refrigerant) 
.14 .23 .38 .53 .66 .80 .90 .95 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A A A A A A A A 














(mass fraction refrigerant) 
.11 .23 .36 .52 .66 .81 .90 .96 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear 2 phase 2 phase 2 phase clear 
10 clear clear clear clear 2 phase 2 phase 2 phase clear 
0 clear clear clear 2 phase 2 phase 2 phase 2 phase clear 
-10 clear clear clear 2 phase 2 phase 2 phase 2 phase clear 
-20 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase clear 
-30 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 clear sit haze 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set C A A C A A B C 





A 89.8 79.8 70.2 59.8 49.9 39.8 30.1 19.7 10.4 0.2 -9.8 -20.3 -30.4 -40.2 -46.6 
B 89.8 79.8 70.2 60.0 50.0 39.9 30.3 20.5 10.9 -0.4 -10.2 -20.3 -30.2 -39.9 -47.4 
C 88.5 80.1 70.1 60.2 50.0 40.5 30.4 20.1 10.3 -0.1 -9.7 -19.8 -30.0 -40.2 -49.5 
D 





(mass fraction refrigerant) 
.13 .21 .32 .51 .63 .78 .90 .96 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A B B A B B B A 





A 88.5 80.1 70.1 60.2 50.0 40.5 30.4 20.1 10.3 -0.1 -9.7 -19.8 -30.0 -39.9 -49.5 
B 89.8 79.8 70.2 60.2 50.0 39.9 30.3 20.5 10.9 -0.4 -10.2 -20.3 -30.2 -39.9 -47.4 
C 
D 





(mass fraction refrigerant) 
.13 .23 .37 .51 .65 .81 .91 .96 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A B B A B B B A 





A 89.7 79.6 69.8 60.0 50.3 40.2 30.1 19.9 10.1 -0.3 -9.5 -20.4 -30.0 -40.5 -49.7 
B 89.8 79.8 70.2 59.8 49.9 39.8 30.1 19.7 10.4 0.2 -9.8 -20.3 -30.4 -40.2 -46.6 
C 
D 





(mass fraction refrigerant) 
.12 .24 .34 .52 .66 .79 .90 .96 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A B B A B B C A 





A 89.7 79.6 69.8 60.0 50.3 40.2 30.1 19.9 10.1 -0.3 -9.5 -20.4 -30.0 -40.5 -49.7 
B 89.6 80.0 70.2 60.2 49.9 40.0 29.8 19.9 9.9 0.2 -9.8 -19.5 -30.2 -40.1 -50.0 
C 90.0 80.0 70.0 60.0 49.9 40.0 30.0 20.0 9.8 0.1 -10.1 -19.6 -29.7 -39.8 -49.2 
D 





(mass fraction refrigerant) 
.09 .19 .37 .50 .67 .81 .90 .94 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear sit haze clear clear clear 
-20 clear clear sit haze clear sit haze sit haze clear clear 
-30 clear clear sit haze sit haze sit haze sit haze clear clear 
-40 clear clear sit haze sit haze sit haze sit haze clear clear 
-50 clear clear sit haze sit haze sit haze sit haze clear clear 
Temp. Set C A A B A A A C 





A 89.8 79.8 70.2 60.2 50.0 39.9 30.3 20.5 10.9 -0.4 -10.2 -20.3 -30.2 -39.9 -47.4 
B 89.7 79.6 69.7 59.9 50.2 40.5 30.1 19.7 10.3 -0.4 -9.7 -19.6 -30.1 -40.5 -49.6 
C 87.6 79.6 69.7 59.6 49.8 39.6 29.6 19.8 9.5 0.1 -9.7 -20.3 -30.2 -40.3 -50.0 
D 





(mass fraction refrigerant) 
.14 .23 .34 .54 .66 .79 .91 .95 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A B B A B B B A 





A 89.7 79.6 69.8 60.0 50.3 40.2 30.1 19.9 10.1 -0.3 -9.5 -20.4 -30.0 -40.5 -49.7 
B 89.6 80.0 70.2 60.2 49.9 40.0 29.8 19.9 9.9 0.2 -9.8 -19.5 -30.2 -40.1 -50.0 
C 
D 





(mass fraction refrigerant) 
.11 .24 .39 .46 .63 .79 .91 .94 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A B B A C C C A 





A 89.7 79.6 69.8 60.0 50.3 40.2 30.1 19.9 10.1 -0.3 -9.5 -20.4 -30.0 -40.5 -49.7 
B 89.6 80.0 70.2 60.2 49.9 40.0 29.8 19.9 9.9 0.2 -9.8 -19.5 -30.2 -40.1 -50.0 
C 89.8 79.8 70.2 59.8 49.9 39.8 30.1 19.7 10.4 0.2 -9.8 -20.3 -30.4 -40.2 -46.6 
D 





(mass fraction refrigerant) 
.10 .16 .37 .51 .66 .80 .90 .95 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A A A A A A A A 














(mass fraction refrigerant) 
.12 .22 .37 .50 .66 .80 .90 .95 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear 2 phase clear clear 
40 clear clear clear clear 2 phase 2 phase 2 phase clear 
30 clear clear clear clear 2 phase 2 phase 2 phase clear 
20 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
10 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
0 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-10 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-20 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-30 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set A A A A A A A A 














(mass fraction refrigerant) 
.13 .16 .37 .51 .65 .78 .90 .95 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set B B B B A A A A 
K> 
to O 





A 89.8 80.0 69.8 60.0 50.2 40.3 30.4 20.4 10.4 -0.1 -10.1 -19.9 -30.1 -40.2 -48.2 
B 89.7 79.7 69.6 60.0 49.8 39.5 30.0 20.1 9.7 0.0 -10.2 -19.9 -30.0 -40.2 -48.6 
C 
D 





(mass fraction refrigerant) 
.12 .21 .36 .51 .65 .79 .90 .95 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A A A A A A A A 
K) 
to 














(mass fraction refrigerant) 
.09 .19 .33 .51 .63 .77 .90 .95 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 









A 90.0 80.1 70.0 60.0 50.0 39.9 29.7 20.0 10.2 0.0 -9.8 -19.9 -29.8 -40.4 -49.6 
B 90.3 80.3 70.3 60.1 50.0 40.2 29.5 20.0 12.2 -0.2 -10.2 -19.8 -30.1 -40.4 -47.8 
C 
D 





(mass fraction refrigerant) 
.13 .17 .38 .50 .64 .80 .89 .95 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A A A A A A A A 














(mass fraction refrigerant) 
.13 .17 .38 .52 .66 .80 .90 .95 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 cleb.' clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear dear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A A A A A A A A 
W 














(mass fraction refrigerant) 
.11 .23 .33 .52 .66 .80 .90 .95 
60 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
50 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
40 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
30 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
20 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
10 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
0 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-10 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-20 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-30 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set C A A C A A B C 





A XX XX XX 59.6 48.8 39.8 29.6 19.7 10.8 -0.2 -9.8 -20.0 -30.3 -39.8 -49.5 
B XX XX XX 58.6 50.2 39.7 29.9 19.7 10.6 0.2 -9.8 -19.9 -30.1 -40.3 -49.5 
C XX XX XX 59.8 49.2 40.0 30.1 20.1 10.5 -0.6 -9.3 -19.7 -30.2 -39.8 -47.3 
D 





(mass fraction refrigerant) 
.13 .22 .33 .53 .66 .81 .91 .95 
60 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
50 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
40 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
30 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
20 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
10 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
0 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-10 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-20 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-30 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set B A A B A A A B 





A XX XX XX 58.6 50.2 39.7 29.9 19.7 10.6 0.2 -9.8 -19.9 -30.1 -40.3 -49.5 
B XX XX XX 59.8 49.2 40.0 30.1 20.1 10.5 -0.6 -9.3 -19.7 -30.2 -39.8 -47.3 
C 
D 





(mass fraction refrigerant) 
.12 .23 .37 .52 .65 .82 .90 .96 
60 clear clear clear clear 2 phase 2 phase 2 phase 2 phase 
50 clear clear clear clear clear 2 phase 2 phase 2 phase 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A C C A D C D B 





A XX XX XX 60.5 49.9 40.3 30.1 20.1 9.9 0.3 -10.1 -20.4. -30.1 -40.0 -49.0 
B XX XX XX 60.5 50.1 40.1 30.3 20.1 10.7 -0.1 -9.7 -20.2 -30.5 -39.8 -47.8 
C XX XX XX 59.6 49.8 39.8 29.6 19.7 10.8 -0.2 -9.8 -20.0 -30.3 -39.8 -49.5 
D XX XX XX 59.8 49.6 40.1 29.8 19.7 10.0 -0.4 -10.1 -20.2 -29.6 -40.0 -48.6 





(mass fraction refrigerant) 
.11 .18 .38 .48 .64 .82 .90 .96 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 









A XX XX XX 60.5 49.9 40.1 30.1 20.1 9.9 0.3 -10.1 -20.4 -30.1 -40.0 -49.0 
B XX XX XX 60.5 50.1 40.1 30.3 20.1 10.7 -0.1 -9.7 -20.2 -30.5 -39.8 -47.8 
C XX XX XX 59.9 49.9 40.1 30.3 20.0 10.8 -0.2 -10.1 -19.9 -29.9 -40.0 -49.5 
D 





(mass fraction refrigerant) 
.11 .20 .36 .49 .61 .82 .90 .95 
60 clear clear clear clear clear 2 phase 2 phase 2 phase 
50 clear clear clear clear clear 2 phase 2 phase 2 phase 
40 clear clear clear clear clear 2 phase 2 phase 2 phase 
30 clear clear clear clear clear clear 2 phase clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear sit haze sit haze clear clear clear 
-10 clear clear clear hazy sit haze clear clear clear 
-20 clear clear clear hazy hazy clear clear clear 
-30 clear hazy hazy hazy hazy clear clear clear 
-40 clear hazy hazy hazy hazy clear clear clear 
-50 clear hazy hazy hazy hazy clear clear clear 
Temp. Set B A A B C A A B 





A XX XX XX 58.6 50.2 39.7 29.9 19.7 10.6 0.2 -9.8 -19.9 -30.1 -40.3 -49.5 
B XX XX XX 59.9 50.2 40.5 30.1 19.7 10.3 -0.4 -9.7 -19.6 -30.1 -40.5 -49.6 
C XX XX XX 59.8 49.6 40.1 29.8 19.7 10.0 -0.4 -10.0 -20.0 -29.6 -40.0 -48.6 
D 





(mass fraction refrigerant) 
.10 .18 .32 .48 .65 .80 .90 .95 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A B B A C C C D 





A XX XX XX 60.5 49.9 40.1 30.1 20.1 9.9 0.3 -10.1 -20.4 -30.1 -40.0 -49.0 
B XX XX XX 60.5 50.1 40.1 30.3 20.1 10.7 -0.1 -9.7 -20.2 -30.5 -39.8 -47.8 
C XX XX XX 59.9 49.9 40.1 30.3 20.0 10.8 -0.2 -10.1 -19.9 -29.9 -40.0 -49.5 
D XX XX XX 59.8 49.6 40.1 29.8 19.7 10.0 -0.4 -10.0 -20.2 -29.6 -40.0 -48.6 





(mass fraction refrigerant) 
.08 .22 .35 .50 .68 .81 .89 .94 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A D D A C C E B 





A XX XX XX 60.5 49.9 40.1 30.1 20.1 9.9 0.3 -10.1 -20.4 -30.1 -40.0 -49.0 
B XX XX XX 60.5 50.1 40.1 30.3 20.1 10.7 -0.1 -9.7 -20.2 -30.5 -39.8 -47.8 
C XX XX XX 59.6 49.8 39.8 39.6 19.7 10.8 -0.2 -9.8 -20.0 -30.3 -39.8 -49.5 
D XX XX XX 59.9 49.9 40.1 30.3 20.0 10.8 -0.2 -10.1 -19.9 -29.9 -40.0 -49.5 
E XX XX XX 59.8 49.6 40.1 29.8 19.7 10.0 -0.4 -10.0 -20.2 -29.6 -40.0 -48.6 





(mass fraction refrigerant) 
.14 .21 .36 .51 .65 .80 .90 .95 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A A A A A A A A 














(mass fraction refrigerant) 
.12 .23 .31 .52 .67 .81 .90 .95 
60 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
50 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
40 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
30 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
20 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
10 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
0 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-10 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-20 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-30 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set A A A A A A A A 














(mass fraction refrigerant) 
.14 .22 .36 .48 .64 .77 .90 .94 
60 clear clear clear clear 2 phase 2 phase 2 phase 2 phase 
50 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
40 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
30 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
20 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
10 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
0 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-10 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-20 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-30 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set A A A A B B B B 





A XX XX XX 60.0 50.0 40.1 30.1 20.5 9.6 0.2 -10.0 -20.0 -30.0 -40.0 -47.2 
B XX XX XX 59.4 50.1 40.0 30.0 20.1 10.0 0.0 -10.0 -20.0 -30.0 -40.3 -47.5 
C 
D 





(mass fraction refrigerant) 
.10 .21 .35 .50 .65 .80 .89 .95 
60 clear clear clear clear 2 phase 2 phase 2 phase 2 phase 
50 clear clear clear clear 2 phase 2 phase 2 phase 2 phase 
40 clear clear clear clear clear 2 phase 2 phase 2 phase 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A A A A A A A A 














(mass fraction refrigerant) 
.12 .23 .37 .51 .61 .80 .90 .94 
60 clear clear clear clear clear 2 phase 2 phase 2 phase 
50 clear clear clear clear clear 2 phase 2 phase 2 phase 
40 clear clear clear clear clear 2 phase 2 phase 2 phase 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A A A A B B B B 
W 
w CN 





A XX XX XX 59.6 50.0 40.3 30.1 20.3 10.0 0.1 -9.8 -19.9 -30.3 -39.9 -49.3 
B XX XX XX 60.1 49.6 39.8 30.0 20.0 10.1 0.0 -10.1 -20.0 -30.0 -40.0 -46.6 
C 
D 





(mass fraction refrigerant) 
.13 .18 .36 .50 .66 .79 .89 .95 
60 clear clear clear clear 2 phase 2 phase 2 phase 2 phase 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A A A A A A A A 
K) U) 














(mass fraction refrigerant) 
.12 .17 .36 .51 .64 .77 .89 .95 
60 clear clear clear clear clear 2 phase 2 phase 2 phase 
50 clear clear clear clear clear clear 2 phase 2 phase 
40 clear clear clear clear clear clear clear 2 phase 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A A A A A A A A 
N> U) 
00 














(mass fraction refrigerant) 
.12 .21 .34 .48 .62 .77 .90 .95 
60 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
50 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
40 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
30 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
20 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
10 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
0 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-10 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-20 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-30 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set A B B A B B C A 





A XX XX XX 59.8 49.2 40.0 30.1 20.1 10.5 -0.6 -9.3 -19.7 -30.2 -39.8 -47.3 
B XX XX XX 60.2 49.8 40.5 30.1 20.0 10.2 0.0 -10.2 -19.7 -29.6 -39.9 -49.0 
C XX XX XX 60.5 50.1 40.5 29.7 20.1 9.9 0.5 -9.8 -20.3 -29.7 -40.4 -47.3 
D 





(mass fraction refrigerant) 
.11 .22 .35 .49 .67 .80 .90 .95 
60 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
50 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
40 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
30 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
20 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
10 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
0 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-10 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-20 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-30 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set A B B A B B B A 





A XX XX XX 59.8 49.2 40.0 30.1 20.1 10.5 -0.6 -9.3 -19.7 -30.2 -39.8 -47.3 
B XX XX XX 60.5 50.1 40.5 29.7 20.1 9.9 0.5 -9.8 -20.3 -29.7 -40.4 -47.3 
C 
D 





(mass fraction refrigerant) 
.12 .20 .32 .50 .67 .78 .88 .95 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear hazy 
-30 clear clear clear clear clear clear clear hazy 
-40 clear clear clear clear clear clear sit haze hazy 
-50 clear clear clear clear clear clear hazy hazy 
Temp. Set A C C B C C C B 





A XX XX XX 60.1 50.3 40.5 30.3 20.5 10.0 -0.2 -10.3 -20.3 -29.8 -40.1 -46.0 
B XX XX XX 59.6 50.3 40.3 30.0 20.1 10.9 -3.0 -10.1 -20.8 -29.7 -39.7 -47.6 
C XX XX XX 60.2 49.8 40.5 30.1 20.0 10.2 0.2 -10.2 -19.7 -29.6 -39.9 -49.0 
D 





(mass fraction refrigerant) 
.11 .23 .35 .49 .65 .81 .90 .94 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A C C B C C C B 





A XX XX XX 60.1 50.3 40.5 30.3 20.5 10.0 -0.2 -10.3 -20.3 -29.8 -40.1 -46.0 
B XX XX XX 59.6 50.3 40.3 30.0 20.1 10.9 -3.0 -10.1 -20.8 -29.7 -39.7 -47.6 
C XX XX XX 59.8 49.8 40.3 29.9 20.1 10.4 0.4 -10.0 -20.1 -29.9 -39.8 -49.0 
D 





(mass fraction refrigerant) 
.09 .23 .37 .48 .64 .79 .89 .95 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear hazy clear clear clear clear 
-10 clear clear clear hazy clear clear clear clear 
-20 clear sit haze sit haze hazy hazy clear clear clear 
-30 clear sit haze hazy hazy hazy clear clear clear 
-40 clear hazy hazy hazy hazy hazy clear clear 
-50 clear hazy hazy hazy hazy hazy clear clear 
Temp. Set A B B A C C C A 
w JS. u> 





A XX XX XX 59.9 50.2 40.5 30.1 19.73 10.3 -0.4 -9.7 -19.6 -30.1 -40.5 -49.6 
B XX XX XX 60.5 50.1 40.5 29.7 20.1 9.9 0.5 -9.8 -20.3 -29.7 -40.4 -47.3 
C XX XX XX 60.0 49.9 40.3 30.0 20.0 9.8 0.1 -10.0 -19.6 -29.6 -39.8 -49.1 
D 





(mass fraction refrigerant) 
.09 .21 .38 .48 .66 .78 .88 .95 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A C C B C C C B 





A XX XX XX 60.1 50.3 40.5 30.3 20.5 10.0 -0.2 -10.3 -20.3 -29.8 -40.1 -46.0 
B XX XX XX 59.6 50.3 40.3 30.0 20.1 10.9 -3.0 -10.1 -20.8 -29.7 -39.7 -47.6 
C XX XX XX 59.8 49.8 40.3 29.9 20.1 10.4 0.4 -10.0 -20.1 -29.9 -39.8 -49.0 
D 





(mass fraction refrigerant) 
.10 .20 .35 .47 .65 .78 .88 .95 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A C C A D D D B 





A XX XX XX 60.1 50.3 40.5 30.3 20.5 10.0 -0.2 -10.3 -20.3 -29.8 -40.1 -46.0 
B XX XX XX 59.6 50.3 40.3 30.0 20.1 10.9 -3.0 -10.1 -20.8 -29.7 -39.7 -47.6 
C XX XX XX 59.8 49.8 40.3 29.9 20.1 10.4 0.4 -10.0 -20.1 -29.9 -39.8 -49.0 
D XX XX XX 60.2 49.8 40.5 30.1 20.0 10.2 0.2 -10.2 -19.7 -29.6 -39.9 -49.0 





(mass fraction refrigerant) 
.11 .19 .35 .46 .65 .77 .90 .94 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A A A A A A A A 














(mass fraction refrigerant) 
.07 .19 .35 .50 .65 .80 .90 .95 
60 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
50 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
40 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
30 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
20 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
10 hazy 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
0 hazy hazy 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-10 hazy hazy 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-20 hazy hazy 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-30 hazy hazy 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 hazy hazy 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 hazy hazy 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set A A A A A A A A 














(mass fraction refrigerant) 
.09 .20 .31 .50 . 64 .79 .90 .95 
60 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
50 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
40 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
30 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
20 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
10 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
0 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-10 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-20 sit haze 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-30 hazy 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 hazy 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 hazy 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set A A A A A A A A 














(mass fraction refrigerant) 
.10 .21 .36 .50 .65 .79 .90 .95 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A A A A A A A A 














(mass fraction refrigerant) 
.12 .21 .35 .50 .64 .80 .89 .95 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set B B B B A A A A 
to LA O 





A XX XX XX 60.3 49.8 40.4 30.4 20.3 10.3 -0.2 -10.1 -19.8 -29.6 -39.8 -49.2 
B XX XX XX 59.9 49.6 39.6 30.1 20.2 10.4 0.2 -9.8 -20.3 -30.4 -40.4 -48.2 
C 
D 





(mass fraction refrigerant) 
.11 .18 .33 .50 .62 .77 .90 .94 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A A A A B B B 6 





A XX XX XX 60.1 50.1 40.1 30.0 20.0 10.0 0.0 -10.0 -20.1 -30.0 -40.3 -47.8 
8 XX XX XX 60.3 49.6 40.1 30.3 20.3 9.4 0.2 -10.1 -20.0 -29.8 -40.4 -47.8 
C 
D 





(mass fraction refrigerant) 
.13 .16 .37 .50 .66 .77 .89 .95 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A A A A A A A A 














(mass fraction refrigerant) 
.10 .21 .36 .49 .63 .80 .90 .95 
90 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
80 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
70 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
60 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
50 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
40 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
30 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
20 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
10 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
0 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-10 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-20 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-30 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set B C C A c , C D B 





A 90.1 79.9 70.1 60.3 50.2 40.5 30.2 20.5 10.1 0.4 -10.4 -20.2 -30.3 -40.4 -49.3 
B 89.4 80.3 70.2 60.2 50.4 40.2 30.1 20.2 10.2 -0.2 -10.0 -20.5 -30.2 -40.2 -48.3 
C 87.1 79.9 70.1 60.0 49.9 40.2 30.1 20.2 10.2 0.2 -9.7 -19.9 -30.4 -40.0 -50.4 
D 88.9 80.0 69.8 59.9 49.6 40.3 30.1 20.3 10.4 0.5 -9.9 -19.5 -29.9 -40.2 -49.3 





(mass fraction refrigerant) 
.13 .18 .36 .52 .67 .78 .90 .95 
90 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
80 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
70 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
60 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
50 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
40 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
30 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
20 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
10 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
0 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-10 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-20 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-30 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set B C C A C C C B 
N> Ln 





A 90.1 79.9 70.1 60.3 50.2 40.5 30.2 20.5 10.1 0.4 -10.4 -20.2 -30.3 -40.4 -49.5 
B 89.4 80.3 70.2 60.2 50.4 40.2 30.4 19.9 10.2 -0.2 -10.0 -20.5 -30.2 -40.2 -48.3 
C 88.9 80.0 69.8 59.9 49.6 40.3 30.1 20.3 10.4 0.5 -9.9 -19.5 -29.9 -40.2 -49.3 
D 





(mass fraction refrigerant) 
.09 .21 .37 .51 .62 .81 .89 .95 
90 clear clear clear clear clear 2 phase 2 phase 2 phase 
80 clear clear clear clear clear 2 phase 2 phase 2 phase 
70 clear clear clear clear clear 2 phase 2 phase clear 
60 clear clear clear clear clear clear 2 phase clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A B B A B , B B A 
N> LA L/1 





A 87.4 80.0 69.9 60.4 50.2 40.2 30.3 20.3 10.5 0.1 -10.1 -20.2 -30.1 -40.1 -49.4 
B 87.1 79.9 70.1 60.0 49.9 40.2 30.1 20.2 10.2 0.2 -9.7 -19.9 -30.4 -40.0 -50.4 
C 
D 





(mass fraction refrigerant) 
.09 .23 .38 .53 .67 .80 .89 .95 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A B B A B , B B C 
K> Ln 0\ 





A 87.4 80.0 69.9 60.4 50.2 40.2 30.3 20.3 10.5 0.1 -10.1 -20.2 -30.1 -40.1 -49.4 
B 88.3 80.1 70.4 59.7 49.9 40.1 29.7 19.8 10.3 0.2 -10.0 -19.8 -29.7 -40.0 -49.5 
C 89.8 80.0 69.8 60.0 50.1 39.7 30.0 20.2 10.2 0.0 -10.2 -20.1 -30.2 -40.4 -49.2 
D 





(mass fraction refrigerant) 
.10 .22 .37 .52 .63 .81 .90 .95 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear sit haze sit haze clear clear clear clear 
-10 clear clear sit haze hazy clear clear clear clear 
-20 clear sit haze hazy hazy clear clear clear clear 
-30 clear hazy hazy hazy clear clear clear clear 
-40 clear hazy hazy hazy clear clear clear clear 
-50 clear hazy hazy hazy clear clear clear clear 
Temp. Set A B B A B. B B C 





A 87.6 79.6 69.7 59.6 49.8 39.6 29.6 19.8 9.5 0.1 -9.7 -20.3 -30.2 -40.3 -50.0 
B 88.9 80.0 69.8 59.9 49.6 40.3 30.1 20.3 10.4 0.5 -9.9 -19.5 -29.9 -40.2 -49.3 
C 90.1 80.0 70.0 60.0 49.9 40.2 30.0 20.3 10.0 -0.4 -9.6 -19.8 -29.6 -40.2 -49.3 
D 





(mass fraction refrigerant) 
.12 .20 .36 .51 .69 .78 .91 .95 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear 2 phase 2 phase hazy clear 
Temp. Set A B B A B B B A 
W LA 
00 





A 87.4 80.0 69.9 60.4 50.2 40.2 30.3 20.3 10.5 0.1 -10.1 -20.2 -30.1 -40.1 -49.4 
B 88.3 80.1 70.4 59.7 49.9 40.1 29.7 19.8 10.3 0.2 -10.0 -19.8 -29.7 -40.0 -49.5 
C 
D 





(mass fraction refrigerant) 
.10 .22 .36 .49 .64 .80 .90 .95 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A B E D C C C D 





A 87.4 80.0 69.9 60.4 50.2 40.2 30.3 20.3 10.5 0.1 -10.1 -20.2 -30.1 -40.1 -49.4 
B 88.3 80.1 70.4 59.7 49.9 40.1 29.7 19.8 10.3 0.2 -10.1 -19.8 -29.7 -40.0 -49.5 
C 90.0 80.2 69.9 60.3 49.6 40.4 30.2 19.9 10.1 -0.2 -9.9 -19.9 -29.8 -39.9 -47.4 
D 89.8 80.0 69.8 60.0 50.1 39.7 30.0 20.2 10.2 0.0 -10.2 -20.1 -30.2 -40.4 -49.2 
E 90.1 80.0 70.0 60.0 49.9 40.2 30.0 20.3 10.0 -0.4 -9.6 -19.8 -29.6 -40.2 -48.3 





(mass fraction refrigerant) 
.10 .18 .37 .48 .66 .80 .90 .95 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A A A A A A A A 
w 
Os O 














(mass fraction refrigerant) 
.08 .20 .34 .51 .66 .81 .90 .95 
90 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
80 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
70 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
60 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
50 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
40 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
30 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
20 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
10 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
0 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-10 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-20 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-30 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set A A A A A , A A A 
w 0\ 














(mass fraction refrigerant) 
.11 .21 .34 .49 .67 .78 .90 .94 
90 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
80 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
70 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
60 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
50 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
40 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
30 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
20 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
10 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
0 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-10 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-20 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-30 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 









A 90.1 80.2 70.0 60.2 50.2 40.2 30.1 20.5 12.0 -0.4 -9.7 -19.6 -30.0 -39.6 -50.0 
B 85.2 79.6 70.2 60.2 50.1 40.3 30.0 20.0 11.1 0.1 -10.2 -19.5 -29.9 -39.9 -49.3 
C 
D 





(mass fraction refrigerant) 
.12 .17 .32 .50 .64 .79 .90 .95 
90 clear clear clear clear 2 phase 2 phase 2 phase 2 phase 
80 clear clear clear clear 2 phase 2 phase 2 phase 2 phase 
70 clear clear clear clear 2 phase 2 phase 2 phase 2 phase 
60 clear clear clear clear clear 2 phase 2 phase 2 phase 
50 clear clear clear clear clear 2 phase 2 phase clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A A A A B B B B 
W 
ON W 





A 90.0 79.9 69.4 60.2 50.0 39.9 30.0 20.3 10.0 0.0 -9.8 -20.0 -29.8 -39.7 -49.2 
B 90.0 80.2 70.1 59.9 49.9 40.2 29.9 20.4 9.6 0.2 -9.5 -19.7 -29.4 -40.1 -49.8 
C 
D 





(mass fraction refrigerant) 
.09 .20 .37 .52 .66 .77 .90 .94 
90 clear clear clear clear 2 phase 2 phase 2 phase 2 phase 
80 clear clear clear clear 2 phase 2 phase 2 phase 2 phase 
70 clear clear clear clear 2 phase 2 phase 2 phase 2 phase 
60 clear clear clear clear 2 phase 2 phase 2 phase clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set B B B B A , A A A 
K» 
o\ 





A 89.7 80.2 69.5 60.4 50.0 39.6 30.1 19.9 9.9 0.1 -10.0 -20.0 -29.9 -40.0 -48.4 
B 90.0 80.4 70.0 60.3 50.4 40.1 29.9 20.0 10.3 0.5 -10.5 -20.2 -29.9 -40.5 -48.9 
C 
D 





(mass fraction refrigerant) 
.12 .18 .36 .52 .64 .81 .89 .95 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear sit haze 
-20 clear clear clear clear clear clear clear sit haze 
-30 clear clear clear clear clear clear sit haze sit haze 
-40 clear clear clear clear hazy 2 phase hazy sit haze 
-50 clear clear clear clear 2 phase 2 phase 2 phase hazy 
Temp. Set B A A A A A A A 





A 90.1 80.2 70.0 60.2 50.2 40.2 30.1 20.5 12.0 -0.4 -9.7 -19.6 -30.0 -39.6 -50.0 
B 90.0 80.2 69.9 60.3 49.6 40.4 30.2 19.9 10.1 -0.2 -9.9 -19.9 -29.8 -39.9 -47.4 
C 
D 





(mass fraction refrigerant) 
.10 .18 .34 .51 .64 .79 .90 .95 
90 clear clear clear clear clear 2 phase 2 phase 2 phase 
80 clear clear clear clear clear 2 phase 2 phase 2 phase 
70 clear clear clear clear clear clear 2 phase 2 phase 
60 clear clear clear clear clear clear 2 phase 2 phase 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A A A A A A A A 
bO 0\ ON 














(mass fraction refrigerant) 
.09 .24 .36 .50 .66 .80 .90 .95 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear 2 phase 2 phase clear clear 
-50 clear clear clear hazy 2 phase 2 phase clear clear 
Temp. Set D B B A B B C D 





A 90.1 79.9 70.1 60.3 50.2 40.5 30.2 20.5 10.1 0.4 -10.4 -20.2 -30.3 -40.4 -45.1 
B 89.8 79.6 69.9 60.2 50.3 39.9 30.1 19.6 11.0 -0.2 -9.6 -19.7 -30.3 -40.3 -49.5 
C 90.2 80.1 70.2 60.2 50.3 40.3 30.1 19.9 10.2 -0.4 -9.9 -19.7 -30.5 -39.9 -46.4 
D 89.4 80.3 70.2 60.2 50.4 40.2 30.4 19.9 10.2 -0.2 -10.0 -20.5 -30.2 -40.2 -48.3 





(mass fraction refrigerant) 
.10 .20 .35 .53 .65 .77 .88 .95 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set B A A B A A A B 
w On 
00 





A 90.2 80.1 70.2 60.2 50.3 40.3 30.1 19.9 10.2 -0.4 -9.9 -19.7 -30.5 -39.9 -46.4 
B 89.4 80.3 70.2 50.2 50.4 40.2 30.4 19.9 10.2 -0.2 -10.0 -20.5 -30.2 -40.2 -48.3 
C 
D 





(mass fraction refrigerant) 
.09 .20 .35 .47 .67 .82 .90 .95 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 









A 90.1 79.9 70.1 60.3 50.2 40.5 30.2 20.5 10.1 0.4 -10.4 -20.2 -30.3 -40.4 -45.1 
B 86.9 80.6 67.8 60.6 50.7 40.3 30.0 20.5 9.7 -1.4 -9.8 -19.1 -31.5 -40.5 -48.7 
C 89.8 79.6 69.9 60.2 50.3 39.9 30.1 19.6 11.0 -0.2 -9.6 -19.7 -30.3 -40.3 -49.5 
D 





(mass fraction refrigerant) 
.12 .21 .38 .47 .67 .81 .89 .95 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A C C A c . C C B 
N) 
O 





A 90.1 79.9 70.1 60.3 50.2 40.5 30.2 20.5 10.1 0.4 -10.4 -20.2 -30.3 -40.4 -45.1 
B 86.9 80.6 69.8 60.6 50.7 40.3 30.0 20.5 9.7 -1.4 -9.8 -19.1 -31.5 -40.5 -48.7 
C 90.0 79.9 69.6 60.0 50.3 40.1 29.6 19.6 10.3 -0.4 -9.9 -19.7 -29.7 -40.2 -46.7 
D 





(mass fraction refrigerant) 
.09 .23 .37 .53 .68 .80 .91 .95 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear sit haze sit haze clear clear clear clear clear 
-50 clear sit haze sit haze clear sit haze clear clear clear 
Temp. Set B A A B A , A A B 





A 90.2 80.1 70.2 60.2 50.3 40.3 30.1 19.9 10.2 -0.4 -9.9 -19.7 -30.5 39.9 -46.4 
B 87.6 79.6 69.7 59.9 49.8 39.6 29.6 19.8 9.5 0.1 -9.6 -20.3 -30.2 -40.3 -50.0 
C 
D 





(mass fraction refrigerant) 
.11 .22 .31 .49 .62 .81 .90 .95 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A C C A C , C C B 
K) 





A 90.1 79.9 70.1 60.3 50.2 40.5 30.2 20.5 10.1 0.4 -10.4 -20.2 -30.3 -40.4 -45.1 
B 86.9 80.6 69.8 60.6 50.7 40.3 30.0 20.5 9.7 -1.4 -9.8 -19.1 -31.5 -40.5 -48.7 
C 90.0 79.9 69.6 60.0 50.3 40.1 29.6 19.6 10.3 -0.4 -9.9 -19.7 -29.7 -40.2 -46.7 
D 





(mass fraction refrigerant) 
.11 .23 .36 .46 .63 .80 .90 .95 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A C C B D D D B 





A 90.1 79.9 70.1 60.3 50.2 40.5 30.2 20.5 10.1 0.4 -10.4 -20.2 -30.3 -40.4 -45.1 
B 86.9 80.6 69.8 60.6 50.7 40.3 30.0 20.5 9.7 -1.4 -9.8 -19.1 -31.5 -40.5 -48.7 
C 90.0 79.9 69.6 60.0 50.3 40.1 29.6 19.6 10.3 -0.4 -9.9 -19.7 -29.7 -40.2 -46.7 
D 89.8 79.6 69.9 60.2 50.3 39.9 30.1 19.6 11.0 -0.2 -9.6 -19.7 -30.3 -40.3. -49.5 





(mass fraction refrigerant) 
.09 .16 .37 .51 .63 .81 .90 .95 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear cléar clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A A A A A , A A A 
N) 














(mass fraction refrigerant) 
.09 .21 .36 .48 .65 .79 .89 .94 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear sit haze 2 phase 2 phase clear clear 
-40 clear clear sit haze 2 phase 2 phase 2 phase 2 phase clear 
-50 clear sit haze 2 phase 2 phase 2 phase 2 phase 2 phase clear 
Temp. Set A A A A A A A A 
K) C LA 














(mass fraction refrigerant) 
.11 .23 .32 .50 .64 .79 .89 .95 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A A A A B , B B B 
w 
o 





A 90.0 79.6 70.1 60.0 50.2 40.1 30.1 20.1 10.8 0.0 -10.0 -20.0 -30.1 -40.3 -46.1 
B 90.2 80.0 70.1 60.0 50.0 39.6 30.0 20.7 10.1 -0.1 -10.0 -20.0 -29.9 -40.2 -48.3 
C 
D 





(mass fraction refrigerant) 
.09 .22 .35 .47 .64 .77 .90 .94 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A A A A A A A A 
to 
<1 














(mass fraction refrigerant) 
.11 .17 .36 .49 .65 .78 .90 .95 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A A A A B B B B 
K» 
00 





A 90.0 79.6 70.1 59.8 50.0 40.2 29.7 20.0 10.3 0.0 -10.0 -20.0 -30.0 -40.2 -49.8 
B 90.0 80.0 69.9 59.7 50.0 39.9 30.0 20.0 10.2 -0.1 -10.3 -20.1 -30.0 -40.4 -49.0 
C 
D 





(mass fraction refrigerant) 
.10 .18 .37 .50 .66 .80 .90 .95 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A A A A A A A A 
KJ 
vo 














(mass fraction refrigerant) 
.12 .20 .35 .50 .66 .80 .90 .95 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 


















(mass fraction refrigerant) 
.14 .16 .37 .54 .67 .80 .90 .95 
60 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
50 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
40 2 phase clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
30 2 phase clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
20 2 phase clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
10 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
0 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-10 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-20 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-30 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set C A A C A A B C 





A XX XX XX 60.0 49.8 39.9 30.0 19.9 10.8 0.4 -9.7 -19.5 -30.5 -40.4 -49.8 
B XX XX XX 60.0 49.9 40.2 30.4 20.2 11.2 -0.4 -10.0 -19.5 -30.1 -40.2 -49.9 
C XX XX XX 57.0 50.0 40.2 29.7 19.8 11.0 -0.2 -9.8 -19.6 -30.3 -40.4 -48.0 
D 





(mass fraction refrigerant) 
.14 .21 .35 .52 .64 .79 .89 .95 
60 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
50 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
40 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
30 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
20 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
10 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
0 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-10 2 ptiase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-20 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-30 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set B C A B A A A B 





A XX XX XX 60.0 49.9 40.2 30.4 20.2 11.2 -0.4 -10.0 -19.5 -30.1 -40.2 -49.9 
B XX XX XX 57.0 50.0 40.2 29.7 19.8 11.0 -0.2 -9.8 -19.6 -30.3 -40.4 -48.0 
C XX XX XX 60.0 49.9 40.1 30.4 20.0 10.0 -0.2 -9.7 -20.3 -30.2 -39.8 -48.9 
D 





(mass fraction refrigerant) 
.12 .23 .35 .47 .64 .81 .89 .95 
60 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
50 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
40 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
30 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
20 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
10 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
0 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
-10 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-20 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-30 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set A C C B C C C B 





A XX XX XX 60.5 49.9 40.1 30.1 20.1 9.9 0.3 -10.1 -20.4 -30.1 -40.0 -49.0 
B XX XX XX 60.6 50.1 40.1 30.6 19.8 11.0 0.2 -9.5 -19.3 -31.0 -40.3 -48.0 
C XX XX XX 60.0 49.8 39.9 30.0 19.9 10.8 0.4 -9.7 -19.5 -30.5 -40.4 -49.8 
D 





(mass fraction refrigerant) 
.13 .23 .34 .51 .65 .79 .89 .95 
60 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
50 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
40 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
30 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
20 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
10 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
0 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-10 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-20 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-30 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set A C C B C C C B 





A XX XX XX 60.5 49.9 40.1 30.1 20.1 9.9 0.3 -10.1 -20.4 -30.1 -40.0 -49.0 
B XX XX XX 60.6 50.1 40.1 30.6 19.8 11.0 0.2 -9.5 -19.3 -31.0 -40.3 -48.0 
C XX XX XX 60.4 49.9 40.0 30.3 20.0 11.0 0.1 -9.7 -19.5 -30.5 -40.0 -49.7 
D 





(mass fraction refrigerant) 
.13 .23 .37 .50 .64 .81 .90 .95 
60 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
50 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
40 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
30 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
20 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
10 clear clear clear clear 2 phase 2 phase 2 phase 2 phase 
0 clear clear clear sit haze 2 phase 2 phase 2 phase 2 phase 
-10 clear clear clear sit haze 2 phase 2 phase 2 phase 2 phase 
-20 clear clear clear hazy 2 phase 2 phase 2 phase 2 phase 
-30 clear clear clear hazy 2 phase 2 phase 2 phase 2 phase 
-40 sit haze clear sit haze hazy 2 phase 2 phase 2 phase 2 phase 
-50 sit haze sit haze sit haze hazy 2 phase 2 phase 2 phase 2 phase 
Temp. Set A B B D B B B C 





A XX XX XX 59.9 50.2 39.5 29.8 19.6 10.4 0.0 -10.0 -19.8 -29.8 -39.6 -49.6 
B XX XX XX 60.0 49.9 40.2 30.4 20.2 11.2 -0.4 -10.0 -19.5 -30.1 -40.2 -49.9 
C XX XX XX 60.0 49.9 40.0 30.4 20.0 10.0 0.2 -9.7 -20.3 -30.2 -39.8 -48.9 
D XX XX XX 60.3 49.6 40.4 30.2 19.9 10.1 -0.2 -9.9 -19.9 -29.8 -29.9 -47.4 





(mass fraction refrigerant) 
.08 .20 .38 .50 .65 .79 .90 .95 
60 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
50 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
40 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
30 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
20 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
10 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
0 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
-10 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-20 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-30 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set A C C B C C C B 





A XX XX XX 60.5 49.9 40.1 30.1 20.1 9.9 0.3 -10.1 -20.4 -30.1 -40.0 -49.0 
B XX XX XX 60.6 50.1 40.1 30.6 19.9 11.0 0.2 -9.5 -19.3 -31.0 -40.3 -48.0 
C XX XX XX 60.4 49.9 40.0 30.3 20.0 11.0 0.1 -9.9 -19.5 -30.5 -40.0 -49.7 
D 





(mass fraction refrigerant) 
.14 .22 .33 .49 .66 .79 .89 .95 
60 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
50 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
40 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
30 clear clear clear 2 phase 2 phase 2 phase 2 phase clear 
20 clear clear clear 2 phase 2 phase 2 phase 2 phase clear 
10 clear clear clear 2 phase 2 phase 2 phase 2 phase clear 
0 clear clear clear 2 phase 2 phase 2 phase 2 phase clear 
-10 clear clear clear 2 phase 2 phase 2 phase 2 phase clear 
-20 clear clear clear 2 phase 2 phase 2 phase 2 phase clear 
-30 clear clear clear 2 phase 2 phase 2 phase 2 phase clear 
-40 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set A B B A C C C D 





A XX XX XX 60.6 50.1 40.1 30.6 19.9 11.0 0.2 -9.5 -19.3 -31.0 -40.3 -48.0 
B XX XX XX 60.4 49.9 40.0 30.3 20.0 11.0 0.1 -9.9 -19.5 -30.5 -40.0 -49.7 
C XX XX XX 60.0 49.8 39.9 30.0 19.9 10.8 0.4 -9.7 -19.5 -30.5 -40.4 -49.8 
D XX XX XX 60.3 49.6 40.4 30.2 19.9 10.1 -0.2 -9.9 -19.9 -29.8 -39.9 -47.4 





(mass fraction refrigerant) 
.13 .22 .38 .51 .66 .79 .90 .95 
60 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
50 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
40 clear clear clear 2 phase 2 phase 2 phase 2 phase clear 
30 clear clear clear 2 phase 2 phase 2 phase 2 phase clear 
20 clear clear clear clear 2 phase 2 phase 2 phase clear 
10 clear clear clear clear 2 phase 2 phase 2 phase clear 
0 clear clear clear 2 phase 2 phase 2 phase 2 phase clear 
-10 clear clear clear 2 phase 2 phase 2 phase 2 phase clear 
-20 clear clear clear 2 phase 2 phase 2 phase 2 phase clear 
-30 clear clear clear 2 phase 2 phase 2 phase 2 phase clear 
-40 clear clear clear 2 phase 2 phase 2 phase 2 phase clear 
-50 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set A A A A A A A B 





A XX XX XX 60.0 50.1 40.0 29.9 20.1 11.1 0.2 -10.0 -20.1 -30.3 -40.0 -47.5 
B XX XX XX 59.8 49.6 40.1 29.8 19.7 10.0 -0.4 -10.0 -20.2 -29.6 -40.0 -48.6 
C 
D 





(mass fraction refrigerant) 
.06 .21 .38 .51 .66 .80 .90 .95 
60 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
50 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
40 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
30 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
20 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
10 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
0 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-10 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-20 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-30 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set A A A A A A A A 














(mass fraction refrigerant) 
.12 .22 .32 .52 .64 .80 .89 .94 
60 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
50 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
40 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
30 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
20 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
10 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
0 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-10 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-20 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-30 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set A A A A B B B B 





A XX XX XX 60.2 49.9 39.5 29.7 20.0 10.8 0.0 -10.1 -20.5 -30.0 -40.3 -49.0 
B XX XX XX 60.2 49.8 39.8 30.0 20.0 10.0 0.4 -9.6 -20.1 -30.1 -39.6 -47.1 
C 
D 





(mass fraction refrigerant) 
.11 .23 .38 .51 .64 .80 .90 .94 
60 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
50 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
40 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
30 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
20 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
10 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
0 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-10 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-20 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-30 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set A A A A A A A A 














(mass fraction refrigerant) 
.13 .21 .35 .48 .62 .79 .89 .95 
60 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
50 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
40 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
30 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
20 clear clear clear clear 2 phase 2 phase 2 phase 2 phase 
10 clear clear clear clear 2 phase 2 phase 2 phase 2 phase 
0 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
-10 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
-20 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
-30 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set B B B B A A A A 
to VO 
w 





A XX XX XX 60.1 50.3 40.3 30.0 20.4 13.0 -0.6 -10.2 -20.0 -30.4 -40.3 -47.6 
B XX XX XX 60.0 50.1 40.0 29.9 20.1 11.1 0.2 -10.0 -20.1 -30.0 -40.0 -47.5 
C 
D 





(mass fraction refrigerant) 
.11 .20 .36 .47 .63 .78 .89 .93 
60 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
50 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
40 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
30 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
20 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
10 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
0 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
-10 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-20 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-30 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set B B A A A A A A 
W VO 
w 





A XX XX XX 60.1 50.2 40.3 30.1 19.7 10.1 -0.3 -10.1 -20.0 -30.5 -39.9 -47.8 
B XX XX XX 60.0 49.9 40.1 30.4 20.0 10.0 -0.2 -9.7 -20.3 -30.2 -39.8 -48.9 
C 
D 





(mass fraction refrigerant) 
.07 .18 .34 .49 .64 .78 .90 .95 
60 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
50 clear clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 
40 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
30 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
20 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
10 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
0 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-10 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-20 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-30 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set A A A A A A A A 














(mass fraction refrigerant) 
.13 .22 .34 .52 .64 .80 .90 .95 
90 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase clear 
80 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase clear 
70 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase clear 
60 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase clear 
50 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
40 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
30 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
20 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
10 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
0 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-10 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-20 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-30 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set A B B A B B C A 





A 88.5 80.1 70.1 60.2 50.0 40.5 30.4 20.1 10.3 -0.1 -9.7 -19.8 -30.0 -40.2 -49.5 
B 89.7 79.8 70.2 60.1 50.2 40.2 30.3 20.0 10.3 0.3 -10.2 -20.7 -30.1 -39.9 -49.6 
C 90.2 80.2 70.4 60.3 50.3 40.2 30.4 20.3 10.0 -0.4 -10.1 -20.1 -30.3 -39.6 -45.7 
D 





(mass fraction refrigerant) 
.12 .21 .33 .47 .66 .79 .90 .96 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear 2 phase 2 phase clear clear 
40 clear clear clear 2 phase 2 phase 2 phase clear clear 
30 clear clear clear 2 phase 2 phase 2 phase 2 phase clear 
20 clear clear clear 2 phase 2 phase 2 phase 2 phase clear 
10 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase clear 
0 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase clear 
-10 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-20 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-30 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 









A 88.5 80.1 70.1 60.2 50.0 40.5 30.4 20.1 10.3 -0.1 -9.7 -19.8 -30.0 -40.2 -49.5 
B 90.2 80.2 70.4 60.3 50.3 40.2 30.4 20.3 10.0 -0.4 -10.1 -20.1 -30.3 -39.6 -45.7 
C 
D 





(mass fraction refrigerant) 
.12 .19 .32 .52 .63 .80 .89 .96 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A B B A B B B A 
w 





A 89.9 79.9 70.0 59.6 50.2 40.2 30.3 20.0 9.7 -0.5 -10.0 -20.1 -30.1 -40.2 -49.7 
B 89.7 79.8 70.2 60.1 50.2 40.2 30.3 20.0 10.3 0.3 -10.2 -20.7 -30.1 -39.9 -49.6 
C 
D 





(mass fraction refrigerant) 
.12 .22 .34 .51 .64 .78 .89 .96 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 









A 90.1 79.9 70.1 60.3 50.2 40.5 30.2 20.5 10.1 0.4 -10.4 -20.2 -30.3 -40.4 -45.1 
B 89.9 79.9 70.0 59.6 50.2 40.2 30.3 20.0 9.7 -0.5 -10.0 -20.1 -30.1 -40.2 -49.7 
C 89.9 79.7 69.9 60.3 50.0 40.1 30.3 20.3 11.3 -0.4 -10.5 -20.0 -29.7 -39.6 -49.8 
D 





(mass fraction refrigerant) 
.10 .21 .35 .48 .66 .81 .90 .95 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set B A A B A A A B 
W VO 
VO 





A 90.2 80.2 70.4 60.3 50.3 40.2 30.4 20.3 10.0 -0.4 -10.1 -20.1 -30.3 -39.6 -45.7 
B 87.6 79.6 69.7 59.6 49.8 39.6 29.6 19.8 9.5 0.1 -9.7 -20.3 -30.2 -40.3 -50.0 
C 
D 





(mass fraction refrigerant) 
.12 .19 .33 .53 .65 .81 .90 .95 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 









A 89.9 79.9 70.0 59.6 50.2 40,2 30.3 20.0 9.7 -.05 -10.0 -20.1 -30.1 -40.2 -49.7 
B 89.9 79.7 69.9 60.3 50.0 40.1 30.3 20.3 11.3 -0.4 -10.5 -20.0 -29.7 -39.6 -49.8 
C 
D 





(mass fraction refrigerant) 
.11 .23 .36 .49 .66 .79 .89 .95 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set B C C A D D D B 





A 90.1 79.9 70.1 60.3 50.2 40.5 30.2 20.5 10.1 0.4 -10.4 -20.2 -30.3 -40.4 -45.1 
B 89.9 79.9 70.0 59.6 50.2 40.2 30.3 20.0 9.7 -.05 -10.0 -20.1 -30.1 -40.2 -49.7 
C 89.9 79.7 69.9 60.3 50.0 40.1 30.3 20.3 11.3 -0.4 -10.5 -20.0 -29.7 -39.6 -49.8 
D 89.7 79.8 70.2 60.1 50.2 40.2 30.3 20.0 10.3 0.3 -10.2 -20.7 -30.1 -39.9 -49.6 





(mass fraction refrigerant) 
.11 .17 .32 .52 .66 .80 .90 .95 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A A A A A A A A 
U) 
o K) 














(mass fraction refrigerant) 
.13 .16 .34 .52 .65 .81 .91 .95 
90 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
80 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
70 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
60 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
50 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
40 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
30 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
20 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
10 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
0 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-10 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-20 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-30 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set A A A A A A A A 
U> 
o U) 














(mass fraction refrigerant) 
.08 .20 .37 .51 .63 .80 .90 .94 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear 2 phase 2 phase 2 phase clear clear 
40 clear clear clear 2 phase 2 phase 2 phase clear clear 
30 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase clear 
20 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase clear 
10 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
0 clear clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-10 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-20 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-30 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-40 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
-50 clear 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 2 phase 
Temp. Set A A A A B B B B 
W 
S 





A 90.1 79.9 70.0 60.0 49.9 39.9 30.1 19.8 9.6 0.0 -10.2 -19.9 -30.4 -39.9 -46.9 
B 90.0 80.0 70.1 60.5 49.7 39.8 30.0 20.0 10.4 0.0 -10.0 -20.1 -30.2 -40.1 -47.2 
C 
D 





(mass fraction refrigerant) 
.10 .16 .36 .49 .65 .80 .90 .95 
90 clear clear clear clear clear 2 phase 2 phase clear 
80 clear clear clear clear clear 2 phase clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A A A A A A A A 
U) 
O LA 














(mass fraction refrigerant) 
.13 .22 .37 .51 .66 .81 .90 .94 
90 clear clear clear clear clear 2 phase 2 phase clear 
80 clear clear clear clear clear 2 phase clear clear 
70 clear clear clear clear clear 2 phase clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A A A A B B B B 





A 90.2 80.0 69.7 60.2 49.6 40.3 29.9 20.1 11.0 0.0 -10.0 -20.1 -30.0 -40.3 -49.1 
B 88.9 80.5 69.7 59.9 50.0 40.2 29.9 20.0 13.3 0.2 -9.6 -19.7 -30.0 -40.0 -48.9 
C 
D 





(mass fraction refrigerant) 
.09 .17 .36 .52 .66 .80 .90 .95 
90 clear clear clear clear clear clear clear clear 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 
Temp. Set A A A A A A A A 
w 
o 














(mass fraction refrigerant) 
.10 .22 .37 .52 .65 .79 .90 .95 
90 clear clear clear clear clear clear 2 phase 2 phase 
80 clear clear clear clear clear clear clear clear 
70 clear clear clear clear clear clear clear clear 
60 clear clear clear clear clear clear clear clear 
50 clear clear clear clear clear clear clear clear 
40 clear clear clear clear clear clear clear clear 
30 clear clear clear clear clear clear clear clear 
20 clear clear clear clear clear clear clear clear 
10 clear clear clear clear clear clear clear clear 
0 clear clear clear clear clear clear clear clear 
-10 clear clear clear clear clear clear clear clear 
-20 clear clear clear clear clear clear clear clear 
-30 clear clear clear clear clear clear clear clear 
-40 clear clear clear clear clear clear clear clear 
-50 clear clear clear clear clear clear clear clear 














APPENDIX B - ACTUAL TEST LUBRICANTS 
The actual lubricants tested are commercially available and are listed as follows: 
naphthenic mineral oil (ISO 32): Witco Suniso® 3GS 
• alkylbenzene (ISO 32): Shrieve Zerol® 150 
• polypropylene glycol butyl monoether (ISO 32): ICI Emkarox™ VG32 
• polypropylene glycol diol (ISO 32): Dow P425 
modified polyglycol (ISO 32): Allied-Signal BRL-150 
• pentaeiythritol ester mixed-acid (ISO 22): ICI Emkarate™ RL244 
• pentaerythritol ester mixed-acid (ISO 32): Castrol Icematic™ SW32 
• pentaerythritol ester branched-acid (ISO 32): Emery E2927 
• naphthenic mineral oil (ISO 68): Witco Suniso® 4GS 
• alkylbenzene (ISO 68): Shrieve Zerol® 300 
• polypropylene glycol butyl monoether (ISO 58): ICI Emkarox™ VG58 
• polypropylene glycol diol (ISO 100): Dow P1200 
• pentaerythritol ester mixed-acid (ISO 100): Castrol Icematic™ SWIOO 
• pentaerythritol ester branched-acid (ISO 100): Emery E2928 
